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In the present study, the effects of three model systems of astrocyte swelling: 
hyposmolarity-, urea- and high K+-induced swelling on the release of preloaded [
3
H]_ 
taurine was studied in an astrocytoma cell line U373 MG. 
Hyposmotic medium induced massive release of preloaded [
3
H]-taurine from 
U373 MG cells. The release was markedly inhibited by I m M MK 196 and inhibitors 
of the CI-/HCO3- anion exchanger, 1 mM SITS and 1 mM DIDS. 1 mM Furosemide 
and 1 mM MK 473，also inhibitors of the anion exchanger were found to partially 
inhibit the efflux of [
3
H]-taurine. Staurosporine, a specific PKC inhibitor, was also 
^
 a b l e t 0
 decrease the hyposmolarity-induced [
3
H]-taurine release. Bumetanide, a 
specific (NaCl + KC1) cotransporter inhibitor, antracene-9-carboxylate, a chloride 
channel blocker and depletion of extracellular calcium, however, did not affect the 
[
3
H]-taurine efflux. Replacement of chloride with gluconate had minimal effect on the 
[
3
H]-taurine efflux while replace chloride with nitrate or replacing sodium chloride 
with sucrose has no effect. 
Replacing NaCl isosmotically with urea stimulated efflux of preloaded [
3
H] -
taurine in a manner similar to hyposmotic medium. Urea-induced release of [
3
H] -
taurine was similar in magnitude to hyposmolarity-induced [
3
H]-taurine release and it 
was also markedly inhibited by 1 mM MK 196 and 1 mM SITS. 
The release of preloaded [
3
H]-taurine was also enhanced in isosmotic medium 
with elevated KC1 concentration. High K + induced [
3
H]-taurine release in a 
concentration-dependent manner. This high K+-induced [
3
H]-taurine release was also 
pronouncedly inhibited by 1 mM MK 196，1 mM SITS and 1 mM DIDS. Similar to 
hyposmolarity-induced [
3
H]-taurine release, 1 mM furosemide and 1 mM MK 473 also 
partially inhibited the [
3
H]-taurine efflux. Bumetanide and antracene-9-carboxylate 
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were also found to have no effect on the efflux. However, unlike hyposmolarity-
induced [
3
H]-taurine release, high K+-induced [3H]-taurine release exhibited a marked 
CI- dependency. When the chloride in the medium was replaced by nitrate or 
gluconate, high K+-induced [3H]-taurine release was completely abolished. In 
addition, high K+-induced [3H]-taurine release was enhanced by the presence of 
HCO3" in the medium. 
The present findings suggest the presence of a volume-, anion-exchanger-
inhibitor-sensitive efflux pathway of taurine in the U373 MG astrocytoma cells. 
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Introduction 
Chapter 1: Introduction 
•Taurine, since its isolation from the bile of ox (Borus taurus) in 1827, has 
become the focus of the work of many scientists. Nevertheless, up to now, there is still 
no conclusive answer for the physiological functions of taurine. It seems to have very 
diversify functions in different tissues. 
The mammalian tissues which contain a high concentration of taurine include 
the heart, retina, CNS and other excitable cells. It is not surprising, therefore, that 
most of the research on taurine has been focused on these tissues: the protective effect 
of taurine on calcium overloading in the heart; the role of taurine as an inhibitory 
transmitter in neurons; the involvement of taurine in the osmoregulation of astrocytes 
and the effect of taurine on calcium binding in the CNS and cardiac tissues. 
Research on taurine function in astrocytes is relatively recent work. Astrocytes 
and other glia cells are believed to be involved in the maintenance of a homeostatic 
microenvironment in the CNS. For example, they have been proposed to regulate the 
brain ionic microenvironment (Nicholson, 1983; Sykova, 1983; Coles, 1986; Ransom 
and Carlini, 1986; Kimelberg and Ransom, 1986; Walz, 1989), and to take part in the 
osmoregulation of the CNS (Thurston et al., 1980; Van Gelder and Barbeau, 1985; 
Walz and Allen, 1987; Pasantes Morales and Schousboe, 1988). 
Astrocytes in vivo have a high concentration of taurine (Lehman and Hansson, 
1987; Walz and Allen, 1987). Taurine plays an important role in the osmoregulation 
in marine fish. Low salinity is able to increase the release of taurine from their red 
cells. This hyposmolarity-evoked taurine release is the central mechanism of taurine's 
osmoregulatory action. Interestingly, hyposmotic medium has also been reported to 
induce the release of preloaded [
3
H]-taurine in astrocytes (Pasantes-Morales and 
Schousboe, 1988). The purpose of this thesis is to investigate the properties of 
hyposmolarity-induced taurine release and related processes in astrocytes. It is hoped 
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that the study will provide a better understanding of the role of taurine in the 
osmoregulation of astrocytes and the maintenance of homeostatic microenvironment in 
the CNS. 
1.1 Distribution and Biosynthesis of Taurine 
Taurine is also known as 2-aminoethane sulfonic acid and its structure is shown 
in Fig. 1.1. It is a sulfur-containing amino acid and has a p i of 5.12. Therefore, at 
physiological pH, it predominantly exist as a negatively charged species. 
In mammals, taurine is concentrated in the brain, spinal cord, retina secretory 
structure such as the pineal gland and heart (Okumara et al., 1959; Van Gelder et ai., 
〜1972; Pasantes-Morales et al., 1981;; Klein et al., 1983; Lake, 1982; Voaden, 1982). 
Despite the ubiquity of taurine in mammals, a number of higher animals have 
lost their ability to synthesize it in amounts sufficient to maintain whole body levels. 
Such species, which include cat and man, rely on dietary sources of taurine. In species 
that do make taurine, the quantitatively major site of synthesis is in the liver. 
There are four putative routes whereby cysteine may be converted to taurine and 
three of these are shown in Fig. 1.2. The fourth route involves the following 
sequence: cysteine, cystine, cystine disulfoxide, cystamine disulfoxide, hypotaurine and 
taurine. In the CNS, the major route of taurine production is via the CSA 
decarboxylase route (reviewed in Huxtable, 1989). 
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Fig. 1.1: Molecular structure of taurine, 2-
aminoethane sulfonic acid. 
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Fig. 1.2. The biosynthesis of taurine from cysteine. The CSA decarboxylase route 
(bold arrows) is the major route in the CNS. The cysteic acid decarboxylase route 
(thin arrows) appears to be of minor significance. The cysteamine dioxygenase route, 
although important in kidney and heart, is of no significance in the CNS (Figure 
adapted from Huxtable, 1989). 
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1.2 Physiological Functions of Taurine 
Different physiological functions have been suggested for taurine but none of 
them is conclusive. In the CNS, it has been suggested to act as an inhibitory 
transmitter, an osmoeffector and to interact with cellular calcium. 
1.2.1 Interaction of Taurine and Calcium 
There is a large and inchoate literature on taurine-calcium interaction (Izumi et 
al. 1977; Kuriyama et al., 1978; Nakagawa and Kuriyama, 1979; Pasantes Morales and 
Gamboa, 1980). Numerous reports describe the action of taurine on the binding and 
transport of C a
2 +




- s t imu la t ed 
processes. 
There are, broadly speaking, two types of C a
2
+ binding. The high affinity 
(i .e.弘M) binding C a 2 + occurs within the cell and is responsible for extrusion of 
C a
2 +
 and transport into cell organelles which require energy. Low affinity processes 
(i.e. mM) on the other hand, are present on the plasma membrane. Movement of 
C a
2
+ from the cell cytosol to the extracellular space requires a C a
2 +
 pump while 
entry into the cell occurs through voltage- or receptor-regulated channel, or via 
exchange processes, such as N a + / C a
2 +
 exchange. 
Taurine modulates numerous Ca
2 +
- dependen t processes in the heart, brain, 
retina and other tissues. Many of its effects are biphasic and are affected by conditions 
such as the C a
2 +
 concentration and buffer composition. 
Investigators are in agreement that the high affinity uptake of C a
2
+ in the 
presence of ATP, bicarbonate and N a + is stimulated by taurine (Kuo and Miki, 1980; 
Lopez-Colome and Pasantes-Morales, 1981; Pasantes-Morales, 1982; Pasantes-Morales 
and Ordonez, 1982; Lombardini, 1983，1988). This effect is dependent on the 
presence of bicarbonate. In membranes as diverse as the cardiac sarcolemma, retinal 
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rod outer segments and disc membranes as well as brain synaptosomes and 
mitochondria, taurine was without effect on the ATP-dependent C a
2
+ uptake in the 
absence of bicarbonate. The effect of bicarbonate has been suggested to be due to its 
effect on the membrane permeability to C a
2
+ (Huxtable, 1989). 
Low affinity uptake of C a
2
+ , unlike the high affinity system, is unaffected by 
ATP and is inhibited by taurine in the presence of bicarbonate. In the absence of 
bicarbonate, taurine is either without effect on or inhibits the low affinity uptake of 
Ca2+ (Kuriyama et a l .，1978 ; Remtulla et al., 1979; Pasantes-Morales and Gamboa, 
1980; Kontro and Oja, 1988; Whitton et al., 1988) 
Taurine has been found to protect heart tissues against diverse calcium-overload 
models including the calcium paradox (Kramer, 1981)，isoproterenol toxicity (Welty, et 
a l” 1982; Azuma et al., 1987; Ohta et al., 1988) and hypoxic injury (Franconi et al., 
1982; Sawamura et al., 1986，Schurr et al., 1987). The protective effect is attributed 
to the reduction of cytosolic C a
2 +
 elevation by taurine. For example, administration 
of taurine to chicks and mice is able to protect against the cardiac cell injury induced by 
isoproterenol and adriamycin and decrease the mortality rate, both of which are in part 
caused by intracellular C a
2
+ overload (Azuma et al., 1987; Ohta et al., 1988). 
1.2.2 Neuroinhibitory action of Taurine 
Taurine has been proposed to be a neurotransmitter. In fact, there are abundant 
reports of the neuroinhibitory actions of taurine since the early findings of Curtis and 
co-workers (Curtis and Watkins, 1960，1965; Curtis et al., 1968). Among the more 
recent reports, taurine has been found to depress medullar and bulbar reticular neurons, 
increasing membrane conductance and hyperpolarizing neuronal membranes (Haas and 
Hosli, 1973; Hosli et al., 1975). Taurine is also inhibitory in the cerebral cortex 
(Alexandrov and Batuev, 1979) and the cerebellum (Fredericks。!！ et al., 1978; 
Okamoto et al., 1983 a, b, c, d; Okamoto and Sakai, 1981). It inhibits neuronal firing 
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when applied by iontophoresis (Curtis and Tebecis, 1972; Hosli et al., 1973; Nicoll 
and Barker, 1973; Curtis and Johnston, 1974). 
The hyperpolarization effect of taurine in Purkinje cells and skeletal muscles 
may be due to its effect on CI" conductance (Gruener et al. , 1976; Okamoto et al., 
1983a，1983b). Taurine is known to increase the CI" conductance of excitable 
membranes (Gruener et al., 1975, 1976; Nistri and Constant!, 1976; Okamoto et al., 
1983a; Taber et al., 1986; Conte-Camerino et al., 1987). 
An important criterion for a neurotransmitter is a Ca
2 +
- dependen t , K+_ 
stimulated release of the substance. There are numerous reports on the K+-stimulated 
release of taurine (Sieghart and Heckl, 1976; Okamoto and Namima, 1978; Kerwin and 
Pycock，1979; Bernardi et al., 1984; Oja and Kontro, 1987) but the biochemical , 
characteristics of this process for taurine is quite unlike the other typical 
neurotransmitters. For instance, the K+-evoked release of taurine from the rat dentate 
occurs at lower K + concentration (3-12 mM) than those required for the release of 
glutamate or GABA (Solis et al. 1986). Concerning the Ca2+-dependency, there are 
reports that the K+-evoked release of taurine is either partially Ca
2 +
- d ependen t 
(Sieghart and Heckl, 1976; Okamoto and Namina, 1978; Kontro, 1979; Kerwin and 
Pyrock，1979; Schulze and Neuhoff, 1983; Pin et al., 1986) or not C a 2 + dependent at 
all (Placheta et al., 1979; Flint et al., 1981; Korpi and Oja, 1984; Holopainen et al., 
1985; Hanretta and Lombardini, 1986; Pasantes - Morales et al., 1988). 
More recently reported, the K+-evoked taurine release from synaptosomal 
preparation of cerebral cortex was found to be abolished when the chloride ion in the 
medium was replaced by gluconate (Dominguez et al., 1989). This chloride 
dependence of release has not been observed for other neurotransmitters. 
Part of this confusion of findings has been suggested to be due to the different 
neuronal and glial composition of the preparation. There may also be variation within a 
given cell type depending on which part of the brain it originates (Huxtable, 1989). 
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1-2.3 Taurine as an Osmoeffector 
Osmoregulation is a commonly suggested function of taurine. Among the 
osmotically active organic substances in the cell, taurine has a high concentration and 
can contribute a large shift in osmolar equivalent in response to osmotic stress. Under 
hyposmotic condition, intracellular concentration of taurine, other free amino acids and 
other organic osmolytes are reduced by an increase in degradation, a decrease in 
synthesis and an increase in release from the cell (Fig. 1.3). The opposite events occur 
in hyperosmotic environment (Bedford, 1981; Hoffmann and Lambert, 1983; Beck et 
al., 1990). 
Taurine has been suggested to be an osmoeffector in fish tissues or erythrocytes 
(Ftigelli and Zachariassen, 1976; Fugelli and Rohrs, 1980; Vislie, 1983) and Ehrlich 
ascites cells (Hendil and Hoffmann, 1974; Lambert and Hoffmann, 1982; Lambert, 
1985). Taurine efflux is stimulated (Fugelli and Thoroed, 1986) and the intracellular 
taurine concentration is decreased (Fugelli and Zachariassen, 1976; Vislie, 1983) under 
hyposmotic conditions. Similar phenomenon has been observed in the mammalian 
CNS and will be discussed in detailed latter. 
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Fig. 1.3: Osmoeffector action of taurine and other organic osmolytes. In 
hyposmotic condition, intracellular concentration of the substance is lowered 
by inhibition of synthesis, enhancement of degradation and release from the 
cell so that the intracellular osmolality can be decreased. 
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There are two uptake systems for taurine, one dependent on N a + and the other 
not. The Na
+
- independent system is sensitive to loop diuretics and Br-cAMP 
I 
(Wolowyk et al., 1989). Interestingly, the rate of the Na+-independent influx is 
reported to increase under hyposmotic condition (Fugelli and Thoroed, 1986; Fugelli 
and Reiersen, 1978; Fincham et al., 1987). It has been suggested that there is an 
interconnexion between the Na+-independent influx and hyposmolarity-induced efflux 
of taurine (Fugelli and Thoroed, 1986). 
1.2.4 Integrative Model of Taurine Action 
It seems that taurine has a wide variety of effects in different tissues or even in 
the same tissue. Some workers have tried to integrate them with a single model (Van 
Gelder，1983; Huxtable, 1989). Van Gelder (1983) postulated the presence of a 
taurine-zinc complex which mediates the bicarbonate- and pH-dependent influences on 
calcium and zinc movements; the osmoregulatory function of taurine; and its effects on 
excitation threshold. Huxtable (1989)，on the other hand, suggested that taurine, 
through its binding with phospholipids in the cell membrane, affects membrane 
conformation as well as the affinity, free energy and number of cation binding sites. 
1.3 Taurine and Volume Regulation in Astrocytes 
1.3.1 Response of Cells to Anisosmotic Media 
When cells are exposed to hypotonic media, they swell initially like perfect 
osmometers but within minutes return more or less to their original cell volume. This 
behavior has been labelled regulatory cell volume decrease (RVD). On the other hand, 
if cells are exposed to hypertonic media, they shrink initially but then regain most of 
their original cell volume. This behavior is called regulatory cell volume increase 
(RVI). Since the present study focuses on the response of glia cell to hyposmotic 
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medium, the mechanism of RVD will be discussed in more detail in the following 
section. 
1.3.2 Mechanism of Regulatory Cell Volume Decrease 
RVD is achieved by a reduction in the intracellular osmotic activity. At least 
part of RVD is due to the extrusion of osmotically active substances from the cell, 
which is accomplished by an activation of transport systems on the plasma membrane. 
Fig. 1.4 depicts some of the transport systems involve in hyposmolarity-induced 
extrusion of intracellular osmolytes. 
In most cells studied so far, RVD is believed to result from a loss of potassium 
油d chloride. In Ehrlich ascites tumor cells (Hoffmann et al., 1984; Hoffmann, 1985a; 
Hoffmann, 1985b; Hoffmann et al., 1986; Hoffmann, 1987; Hoffmann et al., 1988)， 
lymphocytes (Grinstein et al., 1982a; Grinstein et al., 1982b; Grinstein et al., 1983; 
Grinstein et al., 1984; Sarkadi et al., 1984a, b; Sarkadi et al., 1985; Deutsch and Lee, 
1988)，Madin-Parby canine kidney (MDCK) cells (Simmons, 1984; Volkl et al., 1988; 
Paulmichl et al., 1989) and frog skin (Ussing, 1986)，the loss of KC1 is probably 
mediated by parallel activation of both potassium and chloride (anion) conductive 
channels. 
Another transport system involves in RVD is KC1 cotransport. Evidence for the 
involvement of this transport system has been obtained in erythrocytes from toadfish 
(Lauf，1982), birds (Kregenow, 1981)，sheep (Dunham and Ellory, 1981; Ellory et al., 
1985; Lauf, 1985) and man (O'Neill, 1987) and calcium-depleted Ehrlich ascites tumor 
cells (Kramhoft et al., 1986). In Amphiuma red cells, on the other hand, evidence is in 
favor of KC1 loss via parallel operation of K + / H + exchange and CI-/HCO3- exchange 
(Cala, 1983). 
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Fig. 1.4: Mechanisms of the regulatory volume decrease (RVD). A: The cells 
lose KC1 by activation of the K + and CI" channel. B: KC1 efflux occurs through 
the (K +C1) cotransport. C: By operation the K+/H+，CI - /HCO3- exchangers, 
KCl is released outside the cell. D: In red cell, RVD involves loss of NaCl, 
which is release by N a + / C a
2
+ exchange, rather than KC1. 
Page 24 
A completely different mode of RVD has been described in dog red cells 
(Parker et al., 1975; Parker, 1978). In these cells, intracellular sodium is high and but 
that of potassium low. Accordingly, these cells extrude sodium instead of potassium 





All these transport systems are thought to operate without the direct supply of 
energy but they do depend on the ion gradients built up by the activity of the 
N a + / K + - A T P a s e (Kregenow, 1971; Gagnon et al., 1982; Cheung et al., 1982; 
Parker, 1983; Grinstein et al., 1984; Larson and Spring, 1984). 
1-3.3 Regulatory Volume Decrease (RVD) in Astrocytes 
When cultured astrocytes are exposed to hyposmotic medium, they swell 
initially. Then, within about 3 - 15 minutes, following this swelling, the cells start to 
decrease their volume. Kimelberg and Goderie (1988) and Kimelberg and O'Connor 
(198¾ suggested that an opening of K + and CI" channels which would lead to a 
passive KC1 efflux, may be involved in this RVD process. 
1.3.4 Taurine and Volume Regulation in Astrocytes 
There are several properties of taurine which make it an ideal osmoeffector. 
Firstly, taurine exists as a negatively charged species at physiological pH and is thus 
impermeable to cell membranes. It is relatively easy for a cell to maintain a high 
concentration of taurine. Secondly, since taurine is metabolically rather inert, a high 
intracellular concentration of taurine will not interfere with the normal metabolic 
activity of the cell. 
/n vivo studies also support the role of taurine as an osmoregulator in the CNS. 
Taurine-depleted kittens are more vulnerable to hypernatremic dehydration (Trachtman 
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et al., 1988a). When compared with controls, the taurine-depleted group has an 
increase in mortality and seizure activity. Moreover, taurine analogues, such as 
guanidinoethane sulfonate and taltrimide are found to be able to attenuate the adverse 
effect of chronic hypernatremic dehydration (Trachtman et al., 1988b). 
Brain dialysis with hyposmotic medium has been reported to increase the 
extracellular concentration of taurine in rat dentate gyrus (Solis et al. , 1988) and 
hippocampus (Lehmann, 1989). Moreover, there are reports of hyposmolarity-induced 
taurine efflux from primary cultures of astrocytes (Pasantes-Morales and Schousboe, 
1988; Kimelberg et al., 1990; Pasantes-Morales et al., 1990). 
These findings, together with the presence of a high concentration of taurine in 
astrocytes (20 - 60 mM) argue for a possible role taurine as an osmoeffector in ’ 
astrocytes (Walz and Allen, 1987). 
1.4 Ion Channels and Transporters in Astrocytes 
A number of ion channels and transporters are present on the plasma membrane 
of astrocytes. Since they are crucial for the osmoregulatory process, some of the 
important ones are discussed below. 
1.4.1 Potassium Channels 
There is evidence that K + channels are present on mouse astrocytes (Walz and 
Hinks，1987; Nowak et al., 1987). The channel is barium-sensitive and it has been 
shown that 95 % of the unidirectional K + influx into mouse astrocytes can be 
suppressed by 50 弘M barium (Walz et al., 1984). 
Page 26 
1.4.2 Sodium Channels 
It seems clear that astrocytes also possess voltage dependent N a + channels 
(Bowman et al., 1984; Bevan et al., 1985; Nowak et al., 1987; Barres et al., 1988). 
The basic properties of this glial channel is indistinguishable from the neuronal N a + 
channels, including the activating influence of veratridine and scorpion toxin. The only 
clear difference appears to be its relative insensitivity to TTX. 
1.4.3 Chloride Channels 
There are CI" channels present in astrocytes (Bevan et al., 1985; Gray and 
Ritchie，1986; Sonnhof, 1987; Nowak et al., 1987; Barres et al., 1988). The channels 
appear to fall into two subpopulations: small conductance Cl s" and large conductance 
Cl n s _ channels. Interestingly, the large conductance channels are blocked by the 
disulfonate stilbenes, DIDS and SITS (Gray and Richitie, 1986). Both of these two 
types of channels allow the passage of a wide spectrum of anions and are more 
appropriately called anion-selective rather than CI" channel. 
1.4.4 Stretch-activated Ion Channels 
Ding et al. (1988a, 1988b) reported a stretch-activated channel in rat astrocytes. 
It seems that the channel is K + selective. The probability of the channel being open is 
linearly related to the square of the applied transmembrane pressure gradient, 
suggesting that gating energy is derived from elastic deformation of the channel. 
1.4.5 (KCI + NaCI) Carrier 
This transport system seems to be present in many cell types and is driven by 
the N a + gradient (for review see Chipperfield, 1986). Evidence for such a 
Page 2 7 
furosemide- and bumetanide-sensitive carrier system in cultured astrocytes was 
described by Kimelberg (1979) and Kimelberg et al. (1982). 
• »•、 
1.4.6 Na+/H+ exchange 
A sodium sensitive H + extrusion mechanism was first described by Kimelberg 
et al. (1979) and later verified in cultured astrocytes (Walz and Hertz, 1984). This 
transport mechanism is amiloride-sensitive and is involved in pH regulation. 
1.4.7 CI-/HCO3-exchange 
This carrier is SITS- and DIDS-sensitive and was first described by Kimelberg 
ef al. (1979) and Kimelberg (1981) for cultured astrocytes. The function of this 
transport system is primarily in pH regulation. 
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Materials and Methods 
Chapter 2: Materials and Methods 
2.1 Cell Culture 
2.1.1 Preparation of Culture Medium 
Incomplete minimum essential medium (IGMEM) powder with Eagle 's salt and 
L-glutamine was obtained from GIBCO (Grand Island, N. Y. USA). Each pack was 
made up to 1 liter with double-distilled water and 2.2 g of NaHC03 was added. The 
solution was then adjusted to pH 7.2 with HC1 and sterilized by filtration through a 
millipore filter (0.2 /xm, Schleicher & Schwell membrane filter) under suction. The 
sterilized ICMEM solution obtained was then kept at 4 ° C . 
Complete minimum essential medium (CMEM) was prepared by adding the 
following culture supplements to 417.5 ml of ICMEM solution: 10 ml MEM amino 
acid solution (50X) (without L-glutamine); 10ml MEM vitamin solution (100X); 10ml 
penicillin/streptomycin solution (10,000 units/ml penicillin, 10,000 ^g/ml streptomycin 
solution), 2 ml L-glutamine solution (200mM); 50 ml horse serum (for primary culture 
of astrocytes, 100 ml serum was used). The final culture medium (500 ml), therefore, 
contain a double concentration of all amino acids except L-glutamine (2.8 mM), a 
triple concentration of MEM vitamin solution, 10% (v/v) horse serum, 200 IU/ml of 
penicillin and 200 /xg/ml of streptomycin. All supplements were obtained from 
GIBCO. 
2.1.2 Preparation of Phosphate Buffered Saline 
PBS contained the following components: 138.6 mM NaCl, 2.68 mM KC1, 
8.09 mM Na2HP〇4, 1.4 mM KH2PO4. It was adjusted to pH 7.4 and autoclaved at 
121°C for 30 minutes before used in cell culture. 
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2.1.3 Cell Counting Method 
Cell density was determined with a hemocytometer with trypan blue staining. 
Dead cells were stained blue and could be distinguished from viable cells under a 
microscope. The number of viable cells in means of three squares was counted and cell 
density was calculated by the following equation: 
cell number/ml = viable cells in a square X dilution factor X 10
4 
2.1.4 Culture of U373MG Human Astrocytoma Cells 
Human astrocytoma cells (U373MG) were obtained from American Type 
Culture Collection (Rockville, MD, USA). Cells were cultured at 37。C in a 
humidified incubator under 5% CC^/ 95% (¾ atmosphere, in a complete minimum 
essential medium solution (CMEM). The cells were subcultured once per week and the 
medium was changed on the fourth day after subculture. To subculture the cells, the 
old medium was removed and the cells were washed with autoclaved PBS. The 
purpose of washing was to remove the serum in the culture medium which would 
prevented the subsequent trypsinization. 
The cells were then trypsinized Trypsin-EDTA solution (contained 0.05 % 
Trypsin, 0.5 mM EDTA-4Na, GIBCO) for about 3 minutes. Then, CMEM is added to 
stop the action of trypsin and the cells were harvested by centrifugation at llOg for 5 
minutes. Finally, the cells was resuspended in CMEM and the cell suspension was put 
in 150 cm
2




 for further culture or placed in 24 well plate (Nunclon or Falcon) for 
experiment. 
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2.1.5 Culture of Primary Astrocytes 
Culture of primary astrocytes was based on the method described by Hertz 
(Hertz et al., 1982; Hertz et al. 1985). One to two days old neonatal mice were killed 
by decapitation and the brains were taken out. Cerebral cortex was then dissected 
carefully in an aseptic environment and chopped into pieces with a pair of scissors in 
CMEM. To obtain a cell suspension, the chopped tissue was vortexed vigorously and 
then pressed through a 10^ polypropylene membrane prefilter (Gelman, Michigan, 
USA) to remove coarse pieces. Finally, the cells were cultured in 24 well plates with a 
plating density of 10
4
 cells/well. 
The primary astrocytes were cultured in CMEM containing 20% horse serum, 
instead of 10%, was added. Medium was changed twice a week. Confluency usually 
could be achieved 12-14 days after seeding. After confluency, serum concentration in 
the medium was decreased to 10% and 0.25 mM of dibutyl-cAMP (dbcAMP, Sigma) 
was added to stimulate the cells to form processes. Cells were used for experiment 2 to 
3 weeks after adding dbcAMP. 
2.2 Taurine Release Experiment 
2.2.1 Preparation of Physiological Salt Solution (PSS) 
PSS contained the following composition: 118mM NaCl, 1.2mM KH2PO4, 
4 .7mM KC1, 1.2mM M g S 0 4 , 3 .0mM CaCl 2 , 20mM glucose, 20mM HEPES and 
0.05% bovine serum albumin (BSA). It was adjusted to pH 7.4 with HC1. All 
chemicals were obtained from Sigma. 
PSS was prepared by mixing concentrated stock salt solutions. For 100 ml of 
PSS, 20.0 ml of 0 .1M HEPES, 11.8 ml of 1M NaCl, 4 .7 ml of 0 .1M KC1, 3.0 ml of 
0 .1M CaCl2 , 1.2 ml of 0 .1M M g S 0 4 , 1.2 ml of 0 .1M KH2PO4 solution were mixed 
and the final volume was made up to 100 ml in a volumetric flask with double distilled 
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water. Then, 0.36 g of glucose and 0.05 g of bovine serum albumin (BSA) were added 
and the pH of the solution was adjusted to 7.4. 
2.2.2 Preparation of Hyposmotic Solution 
The osmolality of PSS was decreased by reducing the concentration of NaCl. 
The concentration of other salts were not unchanged. In most experiments, the effects 
of following concentrations of NaCl were tested: 100, 90，80，70，60，40，20 mM 
NaCl. The osmolality of these PSS was measured on a Multi-Osmette 2430 automatic 
micro-osmometer (Precision Systems Inc., Natick, MA, USA), using 0，100，500， 
1000，1500 and 2000 mosmol standards. Each value was the mean of quadruplicate 
determinations. The result was expressed either in terms of milliosmol or the 
-concentration of NaCl. 
2.2.3 Preparation of Chloride Free Solution 
Chloride free solution was prepared by replacing NaCl, KC1, C a C l � in PSS 
with gluconate or nitrate salts. Calcium gluconate has low solubility in water and 
instead of adding concentrated stock, it was weighed and dissolved in the final solution 
while preparing the PSS. The osmolarity of the chloride free solution was decreased 
by reducing the concentration of sodium gluconate or sodium nitrate. The osmolarity 
of the chloride free solution was measured and the result was expressed either in terms 
of milliosmol or concentration of sodium gluconate or sodium nitrate. 
2.2.4 Preparation of Sodium Free Solution 
To prepare sodium free solutions, choline chloride was used to replace NaCl in 
PSS. 
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2 湖 used to replaced CaC l� in PSS when preparing calcium free 
solution. In addition, 1 mM of EGTA was added to remove any residual calcium ions. 
2.2.6 Preparation of High Potassium Solution 
KC1 was used to substitute for the same amount of NaCl in PSS to yield 
different concentration of high potassium solution. In addition, unless otherwise 
specified, all of the high potassium solution used contained HCO3-. 5 mM of HCO3-
was added while equal amount of NaCl was removed to keep the solution isosmotic. 
--V • 一： > * 
2.2.7 Preparation of Urea containing PSS 
Instead of 1 M NaCl, 2 M urea stock solution was used to prepare the urea-
containing PSS, so that the osmolality of the modified solution is comparable to that of 
PSS • 
2.2.8 Assay of [
3
H]-Taurine Release 
The protocol was similar to that employed by Perrone and co-workers (Perrone 
et al., 1986) with some modification. Two to three days before the release experiment, 
cells were harvested and plated on 24-well plates at a plating density of 2.5-3.5 X 10^ 
cells/well. 




H]-taurine, specific activity: 17 Ci/mmol, Amersham, Buckinghamshire, UK) by the 
following procedure. The cells were washed twice with PSS to remove the culture 
medium. After washing, 0.4 ml of PSS containing 1 /xCi/ml of [
3
H]-taurine was added 
to each well. The cells were then incubated for one hour at 37。C in a warm water 
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bath. After loading, the cells were washed three times with PSS to remove 
extracellular [
3
H]-taurine. Then, the cells were incubated for another 30 minutes, with 
PSS changed every 10 minutes, to allow the basal release of [
3
H]-taurine to stabilize. 
To assay the amount of [
3
H]-taurine released in response to different 
stimulation, media of different osmolality with or without test drugs were added to 
triplicate wells and the cells were incubated for 15 minutes. At the end of the 
incubation, the medium in each well was pipetted out and its radioactivity was 
determined by scintillation spectrometry (Beckman LS 1801 liquid scintillation counter) 
using a water compatible scintillation fluid (0.4 g 2,2'-phenylenebis(5-phenyloxazole), 
i .e. POPOP, 4 g 2,5-diphenyloxazole, i.e. PPO, in 1 liter mixture of 666 ml of toluene 
and 333 ml of triton X-100). 
An all-out of triton X-100 (0.25 ml) was then added to each well and left 
overnight to allow the complete lysis of cells. The detergent was then pipetted out and 
0.25 ml of distilled water was added to wash the well. Both the triton X-100 and the 
distilled water fractions were pooled together and the radioactivity was measured to 
determine the amount of [^H]-taurine remained in the cells. 
2.2.9 Drug pretreatment 
To examine the effects of different drugs on hyposmolarity, high potassium, 
urea or substance P-induced taurine release, cells were pretreated with tested drugs in 
0.5 ml PSS at indicated concentrations. The preincubation time was usually 15 minutes 
except that of staurosporine, of which 30 minutes preincubation time was employed. 
After 
pretreatment, fresh medium containing the stimulant in the presence of equal 
concentration of the test drug was applied. 
2.2.10 Data Calculation 
The experimental result was expressed in the form of % released or % of basal release: 
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% released = cpm released / (cpm released + cpm remained) 
% of basal release = % release of test / % release of control 
2.3 Volume Determination 
2.3.1 Experimental procedure 
Water contents of cells were measured according to the procedure employed by 
Walz (1987) with some modification. Tritiated water (
3
H2〇）has been reported to 
permeate cells and to completely equilibrate with cellular water within seconds (Walz, 
1987). Cellular water content can thus be determined from the distribution of the 
3 h
2 ° - TO Correct for the
 3
H2〇 trapped in the extracellular space, the distribution of 
[
1 4
C]-si icrose was also measured. [
1 4
C]-sucrose is known to permeate the cell only 
very slowly and thus can be used as an extracellular marker (Lund-Anderson and 
Moller, 1977). Fig. 2.1a, b is a diagrammatic illustration of the principle of this 
method. 
Cells were harvested as described in 2.1.4 and resuspended in CMEM. They 
were centrifuged at l lOg for 5 minutes and then resuspended in PSS. This process was 
repeated twice to remove the culture medium. They were preincubated at 37。C for 30 
minutes and then added to a hyposmotic medium containing [
3
H]-water (Amersham) at 
a volume ratio of 1:2 to give the appropriate osmolality as indicated. The final label 
concentration was 5 jLtCi/ml and the cell density was 6-8 x 10
6
 cells/ml.. An all-out 
(0.2 ml) of the mixture was removed at indicated time intervals. 
The cells were separated from the medium by centrifugation in an oil tube using 
a table top centrifuge (Eppendorf, Centrifuge 5414). Each oil tube contained 0.5 ml of 
an ice-cold oil mixture (Dis-iso-octylphthalate / Di-butylphthalate: 5/7，v/v mixture) 
(BDH Chemical, Poole, England). This oil mixture has a density between that of the 
PSS and the cells. Therefore, after centrifugation, the cells were spun down to the 
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bottom of the microcentrifuge tube while the medium stayed on top of the oil layer. In 
tWs way, the amount of [
3
H]-water in the cells and in the medium at different time 
intervals can be measured simultaneously. Each data point was performed at least in 
quadruplicate. 
Extracellular space entrapped by the cell pellets was estimated by similar 
procedures using U-[
1 4
C]-sucrose (Amersham, specific activity: 540 mCi/mmol), 
which is impermeable to cell membranes (Fig. 2.1a, b). 
After centrifugation, 20 fil of the medium on top of the oil were taken out from 
each tube to give a standard count. The concentration of radioactivity in the medium 
was determined from the standard count. The PSS and the oil mixture were then 
aspirated out and any remaining droplets on the wall of the microcentrifuge tube was 
carefully wiped out with tissue. Then, 0.3 ml of 1% triton X-100 was added to the 
tubes to lyse the cells. To ensure complete lysis, the tubes were vortexed vigorously 
and left overnight. Protein was then precipitated by adding 0.3 ml of 5% TCA. The 
tubes were then vortexed and denatured proteins were spun down by table-top 
centrifuge (Eppendorf, Centrifuge 5414). An all-out of 0.5 ml was taken from each 
tube and the amount of [
3
H]-water was determined by liquid scintillation spectrometry. 
Assuming that the concentration of [
3
H]-water inside the cells was the same as that 
outside the cells, the cell volume can be calculated. 
2.3.2 Drug pretreatment 
The cells were first preincubated in normal PSS containing the specified drug 
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Fig. 2.1a: Principle of volume measurement. Tritiated water uniformly 
distribute inside and outside the cell. From the amount of label contained 
by the cell pellet, the volume of the cell can be determined. 
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Fig. 2.1b: To determine the space entrapped by cell pellet, U-[14-C] 
sucrose is used. The label is impermeable to the cell and uniformly 
distributed in the extracellular space. The entrapped space thus can be 
found by the amount of U-[14-C] sucrose contained in the cell pellet. 
Page 39 
2.3.3 Data calculation 
Lysate cpm p H ^ O ) 
Water Space = x Volume of Standard 
Standard cpm (%2〇） 
Lysate cpm ( [
1 4
C]-Sucrose ) 
Entrapped Space = x Volume of Standard 
Standard cpm ( [
1 4
C]-Sucrose ) 
Intracellular Water Space = Water Space - Entrapped Space 
The data was finally expressed in the form of relative volume: 
Intracellular Water Space in Test Medium 
Relative Volume = 
Intracellular Water Space in Normal Medium 
The standard deviation of the data was calculated by the following formula: 







2) When two value were multiplied together: 
3) When two values were divided from one another 
where N i , N2 are the means of the two group of sample, ^ , is the standard 
deviations. 
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2.4 Taurine Influx Experiment 
2.4.1 Experimental Procedure 
The effect of hyposmotic medium on the Na+-independent uptake of taurine 
had been studied. Cells were harvested in CMEM as described in 2.1.4. They were 
then resuspended in Na+- f r ee PSS (Na+ replaced by choline) and preincubated at 
3 7
°
C f o r 3 0
 minutes. To initiate the reaction, the cell suspension was added to a 
medium which contained [
3
H]-taurine at a volume ratio of 1:1 to give the osmolarity as 
indicated. Final label concentration was 5 ^Ci/ml and cell density was 6.8 X 10
5 
cells/ml. 
At indicated time intervals, aliquots of 0.2 ml were taken out and the reaction 
was stopped immediately by centrifugation in ice-cold oil tube similar to the procedures 
described in 2.3.1. Each oil tube contained 0.5 ml of oil mixture (Dis-iso-
octylphthalate / Dibutylphthalate; 5/7，v/v ratio). On top of the oil was 0.8 ml of ice-
cold medium which served to stop the influx immediately. The medium and the oil 
mixture were then aspirated out and the tube was wiped clean. Cell pellet was lysed 
and protein was precipitated as described in section 2.3.1. 
The amount of [
3
H]-taurine entrapped within the extracellular space of the cell 
pellet was determined by the following procedures. Ice-cold cell suspension was added 
to ice-old medium and the mixture was spun down immediately. Since the amount of 
[
3
H]-taurine entering the cell was minimum under such condition, radioactivity in the 
cell pellet should reflect the amount of [
3
H]-taurine entrapped. 
The quantity of [
3
H]-taurine in the lysate was determined by liquid scintillation 
spectrometry and the final result was expressed in the form of cpm. 
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acid (SITS), (V-di isothiocyanatost i lbeneJJ ' -d isulfonic acid (DIDS), antracene-9-
carboxylate (A-9-C) were purchased from Sigma. MK 196 and MK 473 were obtained 
from Merck. Concentrated stock solutions of above drugs were prepared by dissolving 
them in dimethylsulfoxide (DMSO) and kept at -4。C. The concentration of the stocks 
were all 300 mM, except that of bumetanide, which was 3 mM. During experiment, 
the stock solutions were added to the medium at the volume ratio of 1 ： 300 to give the 







Chapter 3: Hyposmolarity-induced Taurine Release 
3.1 Responses of Astrocytes to Hyposmotic Conditions 
3.1.1 Effect of Hyposmotic Medium on the Release of Preloaded 
[
3
H]-taurine in U373MG astrocytoma cell. 
As described in 2.2.8, U373MG cells, seeded on 24-well plate, were first 
preloaded with [
3
H]-taurine and then washed until the basal release reached a steady 
state. The cells were then incubated with PSS with different osmolalities for 15 
minutes. The amount of radioactivity released into the medium was determined. 
As shown in Fig. 3.1, the efflux of preloaded [
3
H]-taurine was enhanced by a 
decrease in osmolarity of the medium. The efflux was extremely sensitive to changes 
in osmolarity. The osmolarity of normal PSS was 288 mosmol. When the osmolarity 
of the medium was decreased to 250 mosmol (by decreasing NaCl concentration from 
118 mM to 100 mM), the fractional release of [
3
H]-taurine was increased from 2.5 % 
to 9.2 %. The magnitude of taurine efflux increased with further reduction in 
osmolarity of the medium. At 138 mosmol, which correspond to a NaCl concentration 
of 40 mM, there was a release of 92 % of the preloaded [
3
H]-taurine. 
To test whether this enhancement of efflux was the result of a decrease in 
sodium ion concentration, the effect of choline chloride replacement was examined. 
Two different NaCl concentrations were used. As shown in Table 3.1, when the NaCl 
concentration of the medium was decreased from 118 to 100 and 60 mM, the [
3
H] -
taurine efflux was increased by 2.9- and 49-fold above basal efflux, respectively. 
However, there were no significant enhancement of [
3
H]-taurine efflux when the NaCl 
omitted were replaced with choline chloride to maintain similar osmolarity as the 
normal medium (Table 3.1). 
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Fig. 3.1: Hyposmotic PSS induced the efflux of preloaded [3H]-taurine in 
U373MG cells. The cells were preloaded with taurine and then incubated 
with PSS with different osmolalities for 15 minutes. [3H]-taurine released 
into the medium and those remained in the cells were measured. Hyposmotic 
>PSS was found to enhance the efflux over the control (288 mosmol). Result 
was expressed as % release of the total amount of label. The values shown 
are the mean 士 SD of triplicate determinations. Result of a typical 
experiment is shown. 
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Table 3 . 1 : Compar i s ion of t he Ef fec t s of Hypo smo t i c a nd Low Sod ium 
Medium on Taur ine Release 
M e d i u m
~ ^ ^ Osmolar i ty [SHj- taur ine Re lease 
Y
0 ^ ： Cone . (mosmol) ( % B a s a l ) 
(mM) ( m M ) 
N o r m
a l 118^0 0 0 284 100.0 ± 9.9% 
C o 咖 1 1 100.0 0.0 250 286.9 ± 4.9% * 
T e s t l 100.0 18.0 283 111.2 士 9.3% 
Control 2 60.0 0.0 175 4934 士 220.8% * 
T e s t 2
 60.0 58,0 285 130.5 士 27.8% 
a
 ChCl stand for Choline Chloride * 
When comparing to release in normal medium by Student's T-test, p < 0.05. 
[
3
H]-Taurine release from U373MG cells in the first 15 minutes after changed to the 
test medium was measured. In the control groups, the media were hyposmotic and 
[
3
H]-taurine efflux was enhanced. The media of the test groups, on the other hand, 
were made isosmotic by replacing the missing NaCl with choline chloride. The 
experiment was performed on 24-well plate at 37。C. The result is expressed in terms 
of % of the release of [
3
H]-taurine in normal medium. Each value is the mean 士 SD 
of triplicates. ~ 
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Table 3 . 2 : Viability t e s t U373MG cell a f t e r h y p o s m o t i c t r e a t m e n t 
NaCl Cone . Osmolar i ty % viable cell Cell no . 
(mM) (mosmol) 
;
1 1 8 288 99.4 士 0.56 177 土 33 
1 0 0
 250 99.6 土 0.75 206 ± 72 
8 0 2 1 1
 99.4 士 0.49 252 土 37 
6 0 1 7
5 99.7 土 0.58 195 ± 11 
4 0
 99.2 土 0.71 204 士 11 
• 99.1 士 0.90 211 士 11 
The fraction of viable cells after hyposmotic treatment was tested. U373MG cells, on 
24-well plate, were incubated with the specified medium for 15 minutes and then 
changed back to normal medium. The cells were stained by 0.15 % trypan blue in 
PBS，pH 7.4. The number of living cells and dead cells in a 150x magnified field 
under a microscope was counted. The total cell number is the total of living and dead 
cells and shown. The results shown is the mean 士 SD of the counting of 3 wells. 
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Whether the release of radioactivity was the result of cell death or cell lysis was 
also investigated. The viability of U373MG cells after incubated in hyposmotic 
medium for 15 minutes was tested. The cells were stained with 0.15 % trypan blue in 
PBS. As shown in Table 3.2, the percentage of living cells and cell number were not 
significantly decreased by the various hyposmotic treatment. 




A typical time course of the hyposmolarity-induced [
3
H]-taurine release is 
shown in Fig. 3.2. The efflux of [3H]-taurine increased immediately after exposure to 
hyposmotic medium (250 mosmol) and a peak was observed within 4 minutes. The 
rate of efflux then decreased but remained more or less stabilize at an elevated level. 
When the medium was switched back to normal medium (288 mosmol), the efflux rate 
returned to the basal level. 
3.1.3 Response of Primary Astrocytes to Hyposmotic Medium 
Similar to U373MG cells, primary astrocytes responded to hyposmotic 
condition with an enhancement of efflux of preloaded [3H]-taurine (Fig. 3.3). A 6 % 
reduction in osmolality of the medium, from 288 mosmol to 270 mosmol, increased the 
efflux from 3.8 % to 6.0 %, corresponding to a 58 % increase above basal. When the 
osmolality was further reduced to 230 and 195 mosmol, the release was increased to 
11.6 % and 30.8 %, respectively. 
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Fig. 3.2: Time course of hyposmolarity induced [
3
H]-taurine release. U373 MG cells 
were cultured in 24-well plate. Medium was pipetted out and fresh medium was added 
every two minutes. Amount of [
3
H]-taurine in the medium was counted. The 
osmolality of the PSS was decreased to 250 mosmol at the 22th minutes and the 
stimulation was sustained until the end of the 46th minute. Result was expressed as 
percentage of fractional release of [
3
H]-taurine. Similar results were obtained in two 
separate experiments. 
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Fig. 3.3: Hyposmotic PSS induced efflux of [
3
H]-taurine from primary 
astrocytes. Primary astrocytes seeded on 24-well plate were preloaded with 
‘[
3
H]-taurine and incubated with PSS of different osmolarity for 15 minutes. 
PH]-taurine released into the medium and remained in the cells were 
measured. Hyposmotic PSS was found to enhance the efflux over the 
control (288 mosmol). Value shown are the mean 士 SD of 5 separate 
determinations. Similar results were obtained in three separate 
experiments. 
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3 .2 Effect of MK196 on Hyposmolarity-Induce Taurine Release 
MK196，indicrinone, has been reported to inhibit the hyposmolarity-stimulated 
sodium-independent taurine uptake in flounder erythrocytes (Wolowyk et al., 1983). 
Since sodium-independent taurine uptake and hyposmolarity-induced efflux of taurine 
have been proposed to be coupled systems (Fugelli and Thoroed, 1986)，the effect of 
MK 196 on hyposmolarity-induced [
3
H]-taurine release in U373MG was studied. 
U373MG cells were first pretreated with 1 mM MK 196 (in isosmotic PSS) for 
15 minutes and then incubated in medium of different osmolalities with 1 mM MK 
196. As shown in Fig. 3.4, MK 196 treatment was found to exert a pronounced 
inhibition on the hyposmolarity-induced release of [
3
H]-taurine. Without MK 196 
pretreatment, the efflux of [3H]-taurine was 370 % of the basal release when the 
osmolarity of the medium was decreased from 288 mosmol to 250 mosmol.. However, 
the same change in osmolarity induced only 19 % increase in efflux over the basal in 
the present 1 mM MK 196. Even when the osmolarity was reduced to 138 mosmol, 
the effect of MK 196 was still impressive, inhibiting about 50 % of the hyposmolarity-
induced release of [^H]-taurine. 
Time course studies of hyposmolarity-induced [
3
H]-taurine release in the 
presence of MK196 are shown in Fig. 3.5 and Fig. 3.6. As mentioned in 3.1.2, the 
response of U373MG cells to hyposmotic medium is consisted of two phases: a sharp 
peak of release followed by a steady elevated release. MK 196 was found to affect 
both phases of release indiscriminately. 
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Fig. 3.4: The inhibition of hyposmolarity-induced pH]- taur ine release by 
M K 196.. U373 MG cells were first preincubated in isosmotic PSS containing 
1 m M MK 196 for 15 minutes and then incubated in PSS of different 
osmolalities with 1 mM MK196. Control cells received no drug treatment. 
Values shown are the mean 士 SD of triplicates. 
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Fig. 3.5: Effect of MK196 on the time course of hyposmolarity (250 
mosmol) induced [
3
H]-taurine release. Experimental conditions were 
the same as described under Fig. 3.2. Result shown is that of a 
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Fig. 3.6: Effect of MK196 on the time course of hyposmolarity (211 mosmol) induced 
[3H]-taurine release. Please refer to legend of Fig. 3.2 for experimental details 





3 .3 Effects of Inhibitors of (NaCI + KCI) Cotransporter and Cl" 




3.3.1 Effect of (NaCl + KC1) Cotransporter Inhibitors on 
Hyposmolarity-induced [3H]-taurine Release 
An inhibitor of (NaCl + KC1) cotransporter, furosemide, was found to have a 
small but significant inhibition on the hyposmolarity-induced [3H]-taurine efflux in five 
out of six osmolalities tested (Fig 3.7). The release in 250 mosmol was decreased 
from 790 % of the basal release to 209 % after 1 mM furosemide treatment. Less 
inhibition was observed when the osmolarity was lowered further. In fact, when the 
osmolarity was 100 mosmol, furosemide exhibited no significant inhibition of the [3H]-
taurine efflux. 
A more specific blocker of the (NaCl + KC1) carrier, bumetanide (0.01 mM), 
however, was without effect on the hyposmolarity-evoked release of the preloaded 
[
3
H]-taurine (Fig. 3.8). 
The lack of effect of bumetanide suggests the inhibition of release by 
furosemide may be due to some action other than the blockage of (NaCl + KC1) 
cotransporter. In fact, furosemide has been reported to inhibit the CI-/HCO3- anion 
exchanger (Garay et al., 1986). It is possible that the effect of furosemide is related to 
the inhibition of the CIVHCO3- anion exchanger. 









disulfonic acid) and DIDS (4,4'-diisothiocyanatostilbend-2,2
,
-disulfonic acid) have 
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been reported to block CI-/HCO
3
- anion exchange in primary astrocytes (Kimelberg et 
al., 1979; Kimelberg, 1981). Their effects on the hyposmolarity-induced [3H]-taurine 
release from U373MG cells were, therefore, studied. 
Treatment with 1 mM SITS was found to significantly depress hyposmolarity-
induced [
3
H]-taurine release in all of the six osmolalities tested (Fig. 3.9). 
Enhancement of the efflux of [3H]-taurine in 250 mosmol medium was completely 
abolished by SITS. Even when the osmolality was lowered to 100 mosmol, SITS was 
still able to inhibit 33 % of the hyposmolarity-induced release (Fig. 3.9). 
Similar pronounced inhibition was observed with 1 mM DIDS treatment (Fig. 
3.10). DIDS decreased the 250 mosmol-induced efflux of [3H]-taurine from 420 % to 
94 % of basal. Significant inhibition of the hyposmolarity-induced efflux was observed 
in all of the six osmolalities tested. 
3.3.3 Effect of a Chloride Channel Blocker, Antracene-9-
Carboxylate on Hyposmolarity-induced [3H]-taurine Release 
SITS and DIDS have been reported to inhibit the chloride channels in astrocytes 
(Gray and Ritchie, 1986). It is, therefore, possible that SITS and DIDS mediate their 
inhibition of the hyposmolarity-induced [3H]-taurine release through the blockage of 
chloride channels. Thus, the effect of a chloride channel inhibitor, antracene-9-
carboxylate (A-9-C) on the hyposmolarity-evoked release of [3H]-taurine was also 
examined. 
As shown in Fig. 3.11, 1 mM A-9-C was found to inhibit weakly but 
significantly the hyposmolarity-induced [
3
H]-taurine release in all of the six 
osmolalities tested (Fig. 3.11). For example, while the efflux of [
3
H]-taurine induced 
by 250 mosmol was completely abolished by 1 mM SITS, it was only decreased from 
380 % of basal to 280 % by 1 mM A-9-C. In view of the weak inhibitory effect of A-
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9-C on the efflux, it is unlikely that SITS and DIDS mediate their actions through 
blocking chloride channels. 




MK473 ([(6,7 dichloro-2,3-dihydro-l-oxo-2,2' disubstituted l-Hinden-5 yl)oxy] 
alkanoic acids) is an experimental drug from Merck. It has been reported to inhibit the 
C 1 7 H C 0 3 - anion exchanger (Garay et al., 1986). 1 mM MK 473 was found to 
decrease the [
3
H]-taurine efflux in 250 mosmol medium from 210 士 27.8 % of basal 
release to 150 土 9.0 % (p<0 .05 ) (Fig. 3.12). 
3 .4 Effect of Chloride Depletion on Hyposmolarity-induced [3H]-
taurine Release 
Pharmacological results obtained so far seemed to support a possible 
involvement of the C17HC0 3 - anion exchanger in the hyposmolarity-induced [3H]-
taurine release. This possibility was further explored by investigating the role of 
extracellular chloride in this process. The effects of depleting extracellular chloride or 
reducing extracellular chloride concentration on the hyposmolarity-induced [
3
H]-taurine 
release were studied. 
3.4.1 Effect of Replacing Chloride with Nitrate 
As shown in Fig. 3.13, little or no effect on the hyposmolarity-induced [3H]-
taurine release was observed when all the chloride salts in the medium was replaced 
with the same concentration nitrate salts (Table 3.3). 
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3.4.2 Effect of Replacing Sodium Chloride with Sucrose 
Replacing sodium chloride with a double concentration of sucrose decreased the 
chloride concentration in the medium by over 90 %. The efflux of [3H]-taurine induced 
by hyposmolarity was not affected by this dramatic reduction in chloride concentration 
(Fig. 3.14) after correction for osmolarity was made (Table 3.4). 
3.4.3 Effect of Replacing Chloride with Gluconate 
Replacing chlorides in the medium , with an equi-molar concentration of 
glucpnate, an organic anion, increased the basal release in isosmotic medium (Fig. 
3.15). On the other hand, the hyposmolarity-induced release of [
3
H]-taurine was 
reduced in five of the six osmolalities tested. At 250 mosmol, the efflux of [3H]-
tanrine was decreased from 675 % to 337 % of basal release. At lower osmolarities, 
the inhibition was less pronounced and no significant inhibition was observed when the 
osmolarity of the medium was 100 mosmol Fig. 3.15). 
It should be noted that replacing chloride with gluconate had no significant 
effect on the osmolarity of the medium (Table 3.3). Therefore, the reduction of efflux 
was not due to an increase of osmolarity. 
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Fig. 3 .7 Effect of furosemide on hyposmolarity-induced [^H]-taurine 
release. U373 MG cells were preincubated in isosmotic PSS with 1 mM 
furosemide for 15 minutes and then stimulated with hyposmotic PSS 
which also contained 1 mM furosemide. The result was expressed as 
percentage of release over the basal release in isosmotic condition (288 
mosmol). Control media contained no furosemide. The values shown 
are the mean 土 SD of triplicates. Similar results were obtained in 2 
separate experiments. 
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Fig. 3.8: Effect of bumetanide on hyposmolarity-induced [
3
H]-taurine release. U373 
MG cells were preincubated in isosmotic PSS with 0.01 mM bumetanide for 15 
minutes and then stimulated with hyposmotic PSS which also contained 0.01 mM 
bumetanide. The result was expressed as percentage of release over the basal release in 
isosmotic condition (288 mosmol). Control media contained no bumetanide. The 
values shown are the mean 土 SD of triplicates. Similar results were obtained in 2 
separate experiments. 
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Fig. 3.9: Effect of SITS on hyposmolarity-induced [
3
H]-taurine release. j 
U373 MG cells were preincubated in isosmotic PSS with 1 mM SITS for ‘ 
15 minutes and then stimulated with hyposmotic PSS which also contained 
1 mM SITS. The result was expressed as percentage of release over the 
basal release in isosmotic condition (288 mosmol). Control media 
conf ined no SITS. The values shown are the mean 土 SD of triplicates. 
Similar results were obtained in 2 separate experiments. 
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Fig. 3.10: Effect of DIDS on hyposmolarity-induced [
3
H]-taurine release. U373 MG 
cells were preincubated in isosmotic PSS with 1 mM DIDS for 15 minutes and then 
stimulated with hyposmotic PSS which also contained 1 mM DIDS. The result was 
expressed as percentage of release over the basal release in isosmotic condition (288 
mosmol). Control media contained no DIDS. The values shown are the mean 士 SD 
of triplicates. Similar results were obtained in 2 separate experiments. 
I 
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Fig. 3.11: Effect of A-9-C on hyposmolarity-induced [^H]-taurine release. 
U373 MG cells were preincubated in isosmotic PSS with 1 mM A-9-C for -
15 minutes and then stimulated with hyposmotic PSS which also contained 
1 mM A-9-C. The result was expressed as percentage of release over the 
basal release in isosmotic condition (288 mosmol). Control media 
contained no A-9-C. The values shown are the mean 土 SD of triplicates. 
Similar results were obtained in 2 separate experiments. 
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Fig. 3.12: Effect of MK 473 on hyposmolarity-induced [
3
H]-taurine release. U373 
MG cells were preincubated in isosmotic PSS with 1 mM MK 473 for 15 minutes and ' 
then stimulated with hyposmotic PSS (250 mosmol) which also contained 1 mM MK 
473. The result was expressed as percentage of release over the basal release in 
isosmotic condition (288 mosmol). Control media contained no MK 473. The values 
shown are the mean 士 SD of triplicates. Similar results were obtained in 2 separate 
experiments. 
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Fig. 3.13: Effect of chloride replacement with nitrate on hyposmolarity-induced | 
[
3
H]-taurine release from U373 MG cells. In the test groups, all the chloride • 
salts in the PSS were replaced with an equi-molar concentration of nitrate salts. 
U373 MG cells in the test groups were first preincubated in isosmotic chloride 
free PSS for 20 minutes and then stimulated by chloride free PSS of different 
osmolarity. The result was expressed as percentage of release over the basal 
release in isosmotic condition (288 mosmol). The values shown are the mean 土 
SD of triplicates. 
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Fig. 3.14: Effect of sodium chloride replacement with sucrose on hyposmolarity- j 
induced [
3
H]-taurine release from U373 MG cells. In the test groups, all the chloride • 
salts in the PSS was replaced with an equi-molar concentration of sucrose. U373 MG 
cells in the test groups were first preincubated in isosmotic sodium chloride free PSS 
for 20 minutes and then stimulated by sodium chloride free PSS of different 
osmolarity. The result was expressed as percentage of release over the basal release in 
isosmotic condition (288 mosmol). The values shown are the mean 士 SD of 
triplicates. 
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Fig. 3.15: Effect of chloride replacement with gluconate on hyposmolarity-induced 
[
3
H]-taurine release from U373 MG cells. In the test groups, all the chloride salts in 
the PSS was replaced with an equi-molar concentration of nitrate salts. U373 MG cells 
in the test groups were first preincubated in isosmotic chloride free PSS for 20 minutes 
and then stimulated by chloride free PSS of different osmolarity. The result was 
expressed as percentage of release over the basal release in isosmotic condition (288 
mosmol). The values shown are the mean 土 SD of triplicates. Similar results were 
obtained in 2 separate experiments. 
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Table 3 . 3 : Osmolar i ty of t h e Chlor ide, Ni t ra te , a nd G lucona t e - con t a i n i ng 
P S S 
Osmolarity (mosmol) 
Salt Cone. Chloride N i t r a t e ~ ~G lu cona t e 
(mM) 
— 1 1 8 288 273 273 
100 250 243 243 
80 211 207 207 
60 175 172 172 
40 138 136 136 
20 100 101 1Q1 
The osmolarity of chloride, nitrate and gluconate-containing PSS was measured on a ！ 
Multi-Osmette 2430 automatic micro-osmometer. The means of quadruplicate | 
measurements are shown. 
^ ^ H I 
4 
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Table : 3 . 4 : Osmolar i ty of t h e Suc ro s e -Con t a i n i ng P S S 
S u c r o s e con ta in ing PSS NaCl con ta in ing P S S — 
Sucrose Cone. Osmolarity NaCl Cone. Osmolarity 
——(mM) (mosmol) (mM) (mosmol) 
236 325 118 288 
200 298 100 250 
160 254 80 211 
120 203 60 175 
80 150 40 138 
40 112 20 100 
The NaCl in the PSS was replaced by double concentration of sucrose. The osmolarity 
of the sucrose PSS and the corresponding normal PSS, which contained NaCl, was 











3.5.1 Effect of Depleting Extracellular Ca2+ 
Extracellular C a
2
+ was depleted by replacing all the calcium salt in the 
medium by magnesium salt and adding 1 mM EGTA to chelate any residual C a
2
+ . As 
shown in Fig. 3.16，Ca 2+ depletion was found to have no effect on the efflux of [ 3 H] -
taurine. The result indicated that extracellular C a
2 +
 was not involved in the release of 
[^H]-taurine under hyposmotic condition. 




A specific inhibitor of protein kinase C, staurosporine, was able to depress the 
hyposmolarity-induced [
3
H]-taurine release. U373 MG cells were pretreated for 30 
minutes with 100 nM staurosporine and then incubated in media of different 
osmolalities with the same concentration of staurosporine. Staurosporine was found to 
i 
significantly inhibit the release induced by 250 mosmol and 211 mosmol (Table 3.5). j 
Release of pH]-taurine in 250 mosmol and 211 mosmol was decreased from 430 % of j 
basal release to 260 % and from 2600% to 1700 %, respectively. No significant 
inhibition was observed when the osmolarity was lowered to 138 mosmol. Besides 
indicating a possible involvement of PKC in the hyposmolarity-induced [
3
H]-taurine 
release, this result also suggests that different releasing mechanisms may be operating 
at high versus low osmolarity. 
Page 100 
1 4 0 0 0 ！ — , , 
12000 - # 〇 C o 2 n i r o 1 _ 
\ • Ca depleted 
1 0 0 0 0 - _ 
_ \ 
"q3 8000 \ _ 
i \ 




狄 4 0 0 0 - _ -
2000 - t . 
0 - ^ ~ — = = = # _ 
1 1 1 
1 0 0 1 5 0 2 0 0 2 5 0 3 0 0 
Osmo l a r i t y ( m o s m o l ) 
Fig. 3.16: Effect of C a
2 +
 depletion on hyposmolarity-induced 
[
3
H]-taurine release from U373 MG cells. In the test group, CaCl2 
in the PSS was replaced by M g C ^ and 1 mM EGTA was added to 
chelate the residual C a
2
+ . The result was expressed as percentage 
of release over the basal release in isosmotic (288 mosmol) 
condition. Values shown are the mean 士 SD of triplicate 
determinations. 
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Table 3.5: Effect of Staurosporine on Hyposmolar i ty Induced [
3
H]- t au r i ne 
Release f rom U373 M G cells 
[
3
H]-taurine Release (% Control) 
Osmolarity of Control 100 nM Staurosporin 
PSS (mosmol) 
2 8 8 100 士 11 1 4 8 ± 3 3 
250 428 士 21 259 土 21 ** 
211 2600 士 406 1685~± 119* 
138 9652 士 72 9665 士 16 
[
3
H]-taurine released in the first 15 minutes after switching to hyposmotic medium was 
measured. In the test groups, the cells were first preincubated in 100 nM staurosporine 
(in PSS) for 30 minutes. The cells were then stimulated in the presence of the same 
concentration of staurosporine. The value is expressed as % of the basal release of 
[
3
H]-taurine in isosmotic medium. Each value is the mean 土 SD of triplicates and 
statistical comparision is performed by Student's T-test (* p < 0 . 0 5 , **p<0 .01 ) . 
Similar results were obtained in three separate experiments. 
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3-6 Effect of SITS on the Swelling Process of U373 MG cells 
The inhibitory effect of SITS on the hyposmolarity-induced [
3
H]-taurin4 release 
from U373 MG cells may be related to its effect on the regulatory volume decrease 
(RVD) process. 
3.6.1 Regulatory Volume Decrease (RVD) in U373 MG Cells 
The response of U373MG cells to hyposmotic shock is shown Fig. 3.17. 
Swelling of the cells was observed immediately after changing to a hyposmotic medium 
(211 mosmol). Volume of the cells reached a maximum within the first few minutes 
and then the cells underwent a slow RVD process. The cells gradually returned to their 
original volume in isosmotic medium after 80 minutes (Fig. 3.17). 
3.6.2 Effect of SITS on RVD in U373 MG Cells 
As shown in Fig. 3.18, SITS had no significant effect on the change of volume 
of U373MG cells during the first 15 minutes of exposure to hyposmotic medium. 
Since the taurine release experiments were done within 15 minutes, the inhibitory effect
 1 
of SITS on the hyposmolarity-induced [^H]-taurine release cannot be accounted for by 
its effect on the volume of the cells. 
On the other hand, the cells treated with SITS failed to return to the original 
volume after up to 80 minutes (Fig. 3.18). This inhibition of the RVD process may be 
due to its inhibition of the CI" channel, which is believed to be involved in the RVD of 
astrocytes (Kimelberg and Godierie, 1988; Kimelberg and O'Connor, 1988). 
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Fig. 3.17: The volume change of U373MG in hyposmotic condition. U373MG 
cells, in cell suspension form, was put in hyposmotic (211 mosmol) PSS and the 
volume of the cells at different time intervals was measured. The result is expressed 
in relative volume, which is the percentage of the volume over that in isosmotic 
medium. Volume of cells in isosmotic PSS was measured separately. Data shown 
are the mean 士 SD of five replicates from a typical experiments. Similar results 
were obtained in 3 separate experiments. 
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Fig. 3.18: Effect of SITS on the regulatory volume decrease (RVD) in U373MG cells. 
The measurement of volume was performed as described under Fig. 3.17. 15 minutes 
before the experiment, the test group was preincubated with 1 mM SITS and then the 
cells was put in hyposmotic (211 mosmol) PSS containing 1 mM SITS. The relative 
volume is shown and each point is the mean 士 SD of 5 replicates. 
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3.7 Effect of Hyposmotic Medium on Sodium-Independent 
Taurine Uptake in U373 MG Cells 
Evidence in flounder erythrocytes suggests that there is a parallel activation of 
taurine efflux and the sodium-independent uptake of taurine under hyposmotic 
condition (Fugelli and Thoroed, 1986). The effect of hyposmotic medium on sodium-
independent taurine uptake in U373MG cells was, therefore, studied. 
U373MG cells were suspended in sodium free PSS, in which sodium chloride 
was isosmotically replaced with choline chloride. As shown in Fig. 3.19，taurine 
uptake through the sodium-independent pathway reached a plateau in five minutes. 
After which, the amount of taurine in the cells remained constant up to 30 minutes. 
In hyposmotic PSS, both the initial influx rate and the plateau value of p H ] -
taurine in the cells were increased (Fig. 3.19). Therefore, hyposmotic condition 
enhanced both efflux of preloaded [
3
H]-taurine and the sodium-independent uptake of 
taurine in U373MG cells. 
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Fig. 3.19: Effect of hyposmotic medium on the sodium-independent uptake of 
[3H]-taurine. The cells were put in sodium free hyposmotic PSS, in which all the 
sodium was replaced by choline. The radioactivity of [3H]-taurine taken up by 






Chapter 4 : Urea-Induced [3H]-Taurine Release 
In flounder erythrocytes, urea has been reported to induce swelling and 
increase of taurine efflux was observed (Fugelli and Thoroed, 1986). Similar studies in 
U373MG were, therefore, performed and the pharmacological properties of the process 




4.1 Concentration Dependency of Urea-Induced Efflux of [3H]-
taurine from U373 MG Cells 
U373MG cells were incubated in isosmotic media containing different 
concentrations of urea. Different amounts of urea were added to media which were 
kept isosmotic by decreasing the concentration of sodium chloride. As shown in Fig. 
4.1，urea was found to enhance the efflux of [3H]-taurine from U373MG cells in a 
concentration manner. Basal release of [3H]-taurine in urea free, isosmotic medium 
was 1.32% of the total amount of [
3
H]-taurine. As the concentration of urea was 
raised to 20 mM, the fractional release of [
3
H]-taurine was increased to 1.96 %, 
corresponding to a 48 % increase. When the urea concentration was increased to 80 
mM, the fractional release of [3H]-taurine was 66% of total, which corresponded to 
5000% of the basal release. More than 90 % of the preloaded [
3
H]-taurine was 
released when the concentration of urea was increased to 120 mM or more (Fig. 4.1). 
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Fig. 4.1: Urea Induced efflux of [
3
H]-taurine from U373 MG cells. 
The cells were preloaded with [^H]-taurine and then incubated in PSS 
with different urea concentrations for 15 minutes. [^H]-taurine 
released into the medium and those remained in the cells were 
measured. Urea was found to stimulate the efflux over the urea free 
control. Result was expressed as % of the basal release in control. 
Values shown are the mean 土 SD of triplicate determinations. Similar 
results were obtained in 2 separate experiments. 
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4.2 Effect of MK 196 on the Urea-Induced [3H]-taurine Release 
from U373 MG Cells 





H]-taurine was also inhibited by 1 mM MK 196 (Fig. 4.2). The inhibition 
by 1 mM MK 196 was pronounced. For example, the [
3
H]-taurine release observed in 
medium with 80 mM urea was decreased from 5000 % to 257 % of basal after 1 mM 
MK 196 treatment. 
4_3 Effect of SITS on the Urea-induced [
3
H]-taurine Release 
from U373 MG Cells 
The stilbene derivative, SITS, a known Cl'/RCOy anion exchanger inhibitor, 
as shown in Fig. 4.3，was also found to markedly inhibit the release of [ 3H]-taurine 
induced by urea. There was significant inhibition of the efflux of [
3
H]-taurine after 1 
mM SITS treatment in all of the six urea concentrations tested. For example, the 
release in medium with 100 mM urea was decreased from 2500 % to 350 % of basal in 
the presoence of 1 mM SITS (Fig. 4.3). 
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Fig. 4.2: Inhibition the urea-induced [
3
H]-taurine release from U373 MG cells by MK 
196. The cells were preincubated in isosmotic medium with 1 mM MK 196 and then 
incubated in media with different concentrations of urea and 1 mM of MK 196. 
Control cells received no drug treatment. Results are expressed as percentage of 
release over the basal release in urea-free control and values shown are the mean 士 SD 
of triplicate determination. 
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Fig. 4.3: Inhibition of the urea-induced [
3
H]-taurine release from U373 
M G
 cells by SITS. The cells were preincubated in isosmotic medium 
with 1 mM SITS and then incubated in media with different 
concentrations of urea and 1 mM of SITS. Control cells received no drug 
treatment. Result was expressed as percentage of release over the basal 
release in urea-free medium and values shown are the mean 土 SD of 
triplicate determinations. 
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Chapter 5: High Potassium-Induced Efflux of [3H]_ 
taurine 
High extracellular potassium is known to induce swelling (Walz and Hinks, 
1985) and also to stimulate taurine release from primary astrocytes (Pasantes-Morales 
and Schousboe, 1988). Thus, it was used as the third model system in my investigation 
of the properties of [
3
H]-taurine release from U373 MG cells. 
The effect of high potassium concentration, in the presence of 5 mM HCO3", 
on [
3
H]-taurine release in U373 MG cells was investigated in this chapter. The 
concentration of KCI in the medium was increased and simultaneously, the NaCI 
concentration was decrease by the same amount to keep the medium isosmotic. In all 
tests, unless specially indicated, the media contained 5 mM HCO3-. 
5.1 High Potassium Concentration Induced Release of [
3
H]_ 
taurine from U373 MG Cells 
5.1.1 High Potassium Concentration Induced Release of [3H]-
taurine 
As shown in Fig. 5.1，efflux of preloaded [ 3H]-taurine from U373 MG cells 
was stimulated by high potassium concentrations. When the K + concentration in the 
medium was raised from 4.7 mM to 20 mM, in the presence of 5 mM HCO3-, a 30 % 
increase of [
3
H]-taurine efflux over the basal was observed. Larger enhancement was 
observed at higher potassium concentrations. When the potassium concentration was 
higher than 80 mM, the release response reached a plateau and stabilized at about 750 
% of basal. 
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5.1.2 Effect of the Concentration of HCO3- on High Potassium 
Induced Release [3H]-taurine Release 
The taurine release response of U373 MG cells to high potassium was found to 
be affected by the concentration of HCO3-. The effect of H C 0 3 " media on high 
potassium induced [
3
H]-taurine release was investigated. As shown in Fig. 5.2, [3h]-
taurine efflux induced by 20 - 100 mM KC1 was enhanced by the presence of 5 mM 
H C 0
3 " - For example, the release of [3H]-taurine in 60 mM K + medium was raised 
from 330 % release to 470 % of basal, about 40 % increase, by the presence of 5 mM 
HCO3-. At 100 mM K + or higher potassium concentration, the release in medium 
with 5 mM HCO3- fattened off while the efflux in HCO3- free media continued to 
rise to a value higher than that in 5 mM HCO3- containing media. 
When the HCO3- concentration in the medium was increased to 20 mM much 
larger enhancement of the efflux of [
3
H]-taurine was observed (Table 5.1). For 
instance, the efflux [
3
H]-taurine in medium with 60 mM K + and 20 mM HCO3- was 
1300 % of basal, which was 2.8-fold of that observed in HCO3- free control 
Moreover, unlike that observed in 5 mM HCO3" media, the efflux in 20 mM HCO3-
containing medium was still much larger that in HCO3- free media even when the K + 
concentration was increased to 100 mM. 
5 2 Effect of MK 196 on High Potassium Induced [
3
H]-taurine 
Release in U373 MG 
As shown in Fig. 5.3，release of [ 3H]-taurine in response to high potassium 
concentration was significantly inhibited by 1 mM MK 196 treatment. Efflux of [
3
H > 
taurine in 60 mM K + medium was decreased from 310 % to 170 % of basal in the 
presence of MK 196. The degree of inhibition was higher at higher potassium 
concentrations. 
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F i
S - 5.1: High potassium-induced release of [
3
H]-taurine from U373 MG cells. The 
cells were preloaded with [
3
H]-taurine and then incubated in PSS with different 
potassium concentration for 15 minutes. [
3
H]-taurine released into the medium and 
remained in the cells were measured. Efflux of the radioactivity was found to be 
increased over the control (KCI conc. = 4 .7 mM). Result was expressed as % release 
over the basal release and the values shown are the mean 士 SD of triplicate 
determinations. 
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Fig. 5.2: Effect of removal of HCO3- on high potassium-induced [
3
H > 
taurine release from U373 MG cells. The cells were incubated in media of 
different potassium concentrations. In the tests, 5 mM HCO3- was added 
and the media were kept isosmotic by depleting equal molar concentration of 
NaCl. Result was expressed in form of % of basal release in the HCO3-
free medium and values shown are the mean 土 SD of triplicate 
determinations. Similar results were obtained in three separate experiments. 
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Table 5 . 1 : Ef fec t of 2 0 mM H C 0 3 " on high p o t a s s i u m i nduced [^HJ- taur ine 
r e l e a se f rom U 3 7 3 MG cells . 
M e d i a
 % of B a s a l ~ 
C o n t r o 1
 ‘ 1 0 0 士 2 7 
Control + . 20 mM HCO3- 172 士 22 
2 0 m M K C 1
 156 土 18 
20 mM KC1 + 20 mM HCO3- 324 + 58 * 
6 0 m M K C 1
 464 ± 5 5 
60 mM KC1 + 20 mM HCO3- 1320 + 94 * 
lOOmMKCl 1080一士 76 
100 mM KC1 + 20 mM HCO3- 2170 + 408 * 
* p < 0.01 
U373 MG cells were incubated in media with different potassium concentrations for 15 
minutes. In the tests, 20 mM of H C 0 3 " was added to the media which were kept 
isosmotic by depleting equi-molar concentration of NaCl. Result was expressed as % 
of release over the basal in H C 0 3 " free control and the values are the means 士 SD of 
triplicate determinations. 
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5.3 Effect of (NaCl + KCI) Cotransporter Inhibitors on High 
Potassium Induced Taurine Release from U373 MG Cells 
5.3.1 Effect of Furosemide on High Potassium Induced [3H]-taurine 
Release 
As in the case of hypoosmolarity-induced release of [
3
H]-taurine, treatment of 1 
mM furosemide was also found to significantly inhibit the release of [3H]-taurine 
induced by 60 - 120 mM KCI (Fig. 5.4). The efflux of [3H]-taurine induced by 20 -
40 mM KCI, however, was not significantly affected (Fig. 5.4). 
5.3.2 Effect of Bumetanide on High Potassium Induced [3H]-
taurine Release 
As shown in Fig. 5.5，treatment of U373 MG cells with another (NaCl + KCI) 
cotransporter inhibitor, bumetanide (0.01 mM), had no effect on the high potassium 
(20 - 120 mM KCI) induced release of [
3
H]-taurine. 
5.4 Effect of CI-/HC03" Anion Exchanger Inhibitors on High 
Potassium Induced Release of [
3
H]-taurine from U373 MG Cells 
I 




The CI-/HCO3- anion exchanger inhibitor, SITS, was found to be a potent 
inhibitor of the high potassium induced release of [%]-taurine. As shown in Fig. 5.6, 
treatment with 1 mM SITS significantly depressed the response in all of the six 
concentrations of K + tested. The degree of inhibition was large. For example, the 
release of [
3
H]-taurine in 60 mM K + medium was decreased from 660 % to 154 % of 
basal. 
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Fig 5.3: Effect of MK 196 on high potassium-induced [
3
H]-taurine 
release from U373 MG cells. The cells were preincubated in isosmotic 
medium with 1 mM of MK 196 for 15 minutes and then stimulated with 
media with different potassium concentrations which also contained 1 mM 
MK 196. Result was expressed as % of release over the basal release in 
control medium which contained 4 .7 mM KCI and no MK 196. Each 
value shown is mean 土 SD of triplicate determinations. 
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Fig. 5.4: Effect of furosemide on high potassium-induced [
3
H]-taurine release 
from U373 MG cells. The cells were preincubated in isosmotic medium with 1 
mM of furosemide for 15 minutes and then stimulated with media with different 
potassium concentrations which also contained the same concentration of drug. 
Result was expressed as % of release over the basal release in control medium 
which contained 4 .7 mM KC1 but no furosemide. Each value shown is mean 士 
SD of triplicate determination. Similar results were obtained in two separate 
experiments. 
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Fig. 5.5: Effect of bumetanide on high potassium-induced [
3
H]-taurine 
release from U373 MG cells. The cells were preincubated in isosmotic 
medium with 0.01 mM of bumetanide for 15 minutes and then stimulated 
with media with different potassium concentrations which also contained 
0.01 mM bumetanide. Result was expressed as % of release over the basal 
release in bumetanide free control medium which contained 4 .7 mM KCI. 
Each value shown is the mean 士 SD of triplicate determinations. Similar 
result were observed in two separate experiments. 
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Fig. 5.6: Effect of SITS on high potassium-induced [^H]-taurine release from U373 
M G cells. The cells were preincubated in isosmotic medium with 1 mM of SITS for 
15 minutes and then stimulated with media with different potassium concentrations 
which also contained the same concentration of SITS. Result was expressed as % of 
release over the basal release in control medium which contained 4 .7 mM KCI but no 
SITS. Each value shown is the mean 士 SD of triplicate determinations. Similar result 
were observed in two separate experiments. 
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Although SITS has been reported to block chloride channel, this is unlikely to 
be the explanation for its effect on [^HJ-taurine release since treatment of U373 MG 
cells with 1 mM A-9-C, a chloride channel blocker, was found to enhance, though 
statistically insignificantly, rather than inhibit, the release of [^HJ-taurine (Fig. 5.7). 
5.4.3 Effect of MK 473 on High Potassium Induced [3H]-taurine 
Release 
After 1 mM MK 473 treatment, a drug which has been reported to inhibit the 
C17HC0 3 - exchanger (Garay et al., 1986)，efflux of [3H]-taurine was found to be 
depressed induced by 60 mM KC1 (Fig. 5.8). 
5.5 Effect of Chloride Depletion on High Potassium-Induced [3H]-
taurine Release 
5.5.1 Effect of Replacing CI" by NO3-
Unlike hyposmolarity-induced of [3H]-taurine release, high potassium-induced 
release displayed a marked chloride dependency. As shown in Fig. 5.9, the release of 
[
3
H]-taurine induced by 40 - 120 mM KC1 was markedly inhibited in chloride free 
media. 
5.5.2 Effect of Replacing CI" by Gluconate 
Similar inhibition of high potassium-induced efflux of [
3
H]-taurine was 
observed when all the chloride in the media was replaced by gluconates (Fig. 5.10). 
Finally, one thing to be noted, the basal release in medium with normal K + 
concentration, 4.7 mM, was usually slightly but significantly, increased when the 
chlorides were replaced with either nitrates or gluconates (Fig. 5.9，Fig. 5.10). 
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Fig. 5.7: Effect of A-9-C on high potassium-induced [^H]-taurine 
release. U373 MG cells were preincubated in isosmotic medium with 1 
mM of A-9-C for 15 minutes and then stimulated with media with 
、different potassium concentrations which contained the same 
concentration of A-9-C. Result was expressed as % of release over the 
basal release in control medium which contained 4.7 mM KCI but no A-
9-C. Each value shown is the mean 土 SD of triplicate determinations. 
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Fig. 5.8: Effect of MK 473 on high potassium-induced release of [
3
H]-taurine. 
U373 MG cells were preincubated in isosmotic PSS with 1 mM MK 473 and then 
stimulated with PSS with 60 mM KCI which also contained 1 mM MK 473. 
Result was expressed as % of release over the basal release in the control group 
which contained no MK 473. Each value shown is the mean 士 SD of triplicate 
determinations. 
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Fig. 5.10: Effect of chloride replacement with gluconate on high potassium-induced 
[
3
H]-taurine release. U373 MG cells were stimulated with media containing different 
concentrations of K + for 15 minutes. In the tests, all the chlorides in the medium 
were replaced by equal molar concentrations of gluconates. Result was expressed as 
% of release over the basal release in control medium which contained 4.7 mM KCI. 
Each value shown is the mean 士 SD of triplicate determinations. Similar results were 
obtained in two separate experiments. 
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Fig. 5.10: Effect of chloride replacement with gluconate on high potassium-induced 
[
3
H]-taurine release. U373 MG cells were stimulated with media containing different 
concentrations of K + for 15 minutes. In the tests, all the chlorides in the medium 
were replaced by equal molar concentrations of gluconates. Result was expressed as 
% of release over the basal release in control medium which contained 4.7 mM KCI. 
Each value shown is the mean 士 SD of triplicate determinations. Similar results were 
obtained in two separate experiments. 
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Discussion 
Chapter 6: Discussion 
The present study investigates the relationship between cell swelling and efflux 
of pre-loaded [
3
H]-taurine in astrocytes. Three model systems of cell swelling were 
studied: hyposmolarity-, urea- and high K+_ induced swelling. 
Hypoosmotic stress leads to an influx of water and thus cell swelling by 
osmosis. Urea, which is permeable to cell membranes, enters cells by diffusion and 
has been reported to induced swelling (Fugelli and Thoroed, 1986). Regulating volume 
decrease (RVD) usually occurs after the cells have been subjected to hypoosmotic 
stress. Interestingly, in flounder erythrocytes, similar volume decrease has been 
observed after urea induced swelling (Fugelli and Thoroed, 1986). Thus, 
hypoosmolarity- and urea-induced swelling may share some similarities in their 
biochemical mechanisms. 
Increasing the external K + concentration isosmotically by keeping the sum of 
N a + and K
+
 concentrations constant has been reported to cause swelling of 
astrocytes in culture (Walz and Hertz, 1983; Walz and Hinks, 1985; Walz, 1987; 
Kimelberg et al., 1989). Swelling was due to a gain in osmolarity via K + and anion 
uptake. 
U373 MG human astrocytoma cells and primary astrocytes were employed in 
this study. The advantage of working with cell cultures is obvious. Conditions can be 
created for a precise control of the extracellular environment which cannot be achieved 
in an intact animal. The possible interaction with other cell types can also be excluded 
when homogeneous cultures were used. 
Nevertheless, primary astrocytes has been reported to exhibit pronounced 
plasticity in reaction to culturing condition include species and region of brain used, 
dissociation procedures employed and cell density in culture (Juurlik and Hertz, 1985). 
Thus, most experiments in the present study were performed in U373 MG cells. 
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Astrocytoma cells are tumour cells and they may have different properties from 
normal glial cells in vivo or in culture. For example, it has reported that glial cells in 
guinea-pig and human brain slices have a large and selective permeability to K
+
, 
whereas glioma cells from neighboring tissue had much lower resting potential and no 
selective K + permeability (Picker et al., 1981). One should, therefore, exercise 
caution when extrapolating results from astrocytoma to normal cells. 
6.1 Hyposmolarity Induced [
3
H]-taurine Release 
6.1.1 Hyposmolarity is the Key Stimulation for [3H]-taurine 
Release 
As observed in primary astrocytes and other cell types, efflux of preloaded 
PH]-taurine in U373 MG cells was found to be stimulated in hyposmotic medium 
prepared by reducing the concentration of NaCI. As shown in section 3.1.1, the 
release was very sensitive to change of osmolality. Significant release of [
3
H]-taurine 
was detectable when the osmolality of the medium was lowered from 288 mosmol to 
250 mosmol. As much as 92 % of the preloaded [
3
H]-taurine was released when the 
osmolality was lowered to 130 mosmol (Fig. 3.1). Even at this low osmolality (e.g. 
100 mosmol), the release of [
3
H]-taurine was not a result of cell death or cell lysis. 
The result of cell viability test indicates that there was no significant decrease in cell 
number or viability after the hyposmotic treatment. 
The hyposmolarity-induced efflux of [^H]-taurine was not a result of inhibition 
of the Na
+
-dependen t uptake of taurine in response to lowered N a + concentration 
since isosmotic replacement of NaCI by choline chloride had no effect on the efflux of 
radioactivity (Table 3.1). It seems that a change in osmolality was the key factor in 
stimulating PH]-taurine efflux from U373 MG cells. These findings agree with that 
observed in primary astrocytes (Pasantes-Morales and Schousboe, 1988; Kimelberg et 
al. , 1990; Pasantes-Morales et al., 1990). 
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The time course of hyposmolarity-induced [
3
H]-taurine release, however, is 
different from that observed in primary astrocytes. The release of [
3
H]-taurine from 
primary astrocytes stimulated by a continuous exposure to a hyposmotic medium (150 
mosmol) returns to the basal level 6 minutes after the onset of stimulation (Pasantes-
Morales and Schousboe, 1988). The release in U373 MG cells, however, was 
sustained at an elevated level above basal in a hyposmotic medium up to 24 minutes 
(Fig. 3.2). This discrepancy may be due to a difference in their RVD process. Cell 
volume of primary astrocytes has been reported to return to basal level 10 minutes after 
they were subjected to hyposmotic stress (Pasantes-Morales and Schousboe, 1988). 
However, regulatory decrease in cell volume was a much slower process in U373 MG 
cells and it took over 80 minutes after switching to hyposmotic medium before the cell 
volume returned to the basal level (Fig. 3.17). These findings seems to argue for a 
close relationship of the release of taurine and RVD. 
6.1.2 Hyposmolarity Induced [
3
H]-taurine Release and the Cl_ 
/HCO3- anion exchanger 
Efflux of [
3
H]-taurine in U373 MG cells evoked by hyposmolarity can be 
partially inhibited by 1 mM furosemide. Although furosemide is an inhibitor of the 
(NaCl + K CI) cotransporter, this is probably not the mechanism of action since a 
more specific inhibitor of the (NaCl + KCI) cotransporter, bumetanide did not inhibit 
the hyposmolarity-induced pH]-taurine release 
On the other hand, inhibitors of the CI-/HCO3- anion exchanger consistently 
depressed the efflux of [
3
H]-taurine from U373 MG cells under hyposmotic condition. 
SITS and DIDS, two stilbene derivatives which have been reported to block the anion 
exchanger in primary astrocytes (Kimelberg et al., 1979; Kimelberg, 1981) were able 
to inhibit the [^Hj-taurine evoked by hyposmotic medium (Fig. 3.9, Fig. 3.10). MK 
473, a new drug capable of inhibiting the CI-/HCO3- anion exchanger in human 
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erythrocytes (Garay et al., 1986)，can also decreased the hyposmolarity-induced [ 3 H]-
taurine release. 
Similar inhibitory effect of SITS and DIDS on the hyposmolarity-evoked taurine 
release has also been reported in primary astrocytes (Kimelberg et al., 1990; Pasantes-
Morales，1990). In addition, L-644,711, a novel inhibitor of the CI-/HCO3- anion 
exchange system (Garay et al., 1986) has also been found to depress the hyposmolarity-
induced efflux of [
3
H]-taurine in primary astrocytes (Kimelberg et al., 1990). 
Compatible with these findings, furosemide has also been reported to inhibit the CI" 
/HCO3- anion exchanger in human erythrocytes (Garay et al., 1986). Thus, it is 
possible that the taurine efflux mechanism is coupled to the CIVHCO3- anion 
exchanger in astrocytes and U373MG cells. Therefore, inhibition of the anion 




Since the C1"HC03_ anion exchanger is involved in the exchange of C17C1" 
and CI-/HCO3-, it was envisaged that the activity of the exchanger and [
3
H]-taurine 
release should be affected by depletion of extracellular chloride. However, only minor 
CI" dependency of the hyposmolarity-induced [^H]-taurine release was observed in the 
present study. The replacement of CI" with NO3- had no effect on the [
3
H]-taurine 
efflux. This is perhaps not surprising since the anion exchanger has low specificity and 




 and SO4- besides CI" (Cabantchike et 
al., 1976). However, the replacement of NaCl with sucrose was also found to have no 
significant effect on [
3
H]-taurine efflux induced by hyposmolarity. Partial inhibition of 
[
3
H]-taurine efflux was, however, observed when Cl~ was replaced with gluconate but 
the degree of inhibition was much smaller than that of SITS, DIDS or MK 196. 
Similar chloride insensitiveness has also been observed in primary astrocytes (Pasantes 
et al., 1990). 
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The pharmacological studies of the hyposmolarity-induced release of [
3
H] -
taurine in U373 MG (section 3.3) and in primary astrocytes (Kimelberg et al. , 1990; 
Pasantes-Morales et al., 1990) seem to support an involvement of the anion exchanger. 
However, the reason for the insensitivity of the hyposmolarity-induced [
3
H]-taurine 
release to extracellular chloride is not immediately apparent. 
6.1.3 Comparision of the Hyposmolarity-induced Release of [
3
H]-
taurine in U373 MG cells and primary astrocytes 
Some of the properties of the hyposmolarity-induced [
3
H]-taurine release 
observed in U373 MG cells are different from that observed in primary astrocytes. 
Besides the temporal difference in [
3
H]-taurine release and RVD mentioned in section 
•6.1.1，they also differed in their response to an inhibitor of the chloride channel, 
antracene-9-carboxylate (A-9-C). A-9-C has been reported to significantly inhibit the 
hyposmolarity-induced [
3
H]-taurine release in primary astrocytes (Pasantes-Morales et 
al.，1990)，but in the present study, A-9-C was found to have minimal effect on [ 3 H] -
taurine efflux from U373 MG cells (Fig. 3.11). In addition, replacing CP with 
gluconate was found to have no effect on the hyposmolarity-induced [
3
H]-taurine 
release in primary astrocyte (Pasantes-Morales et al., 1990) but it caused significant 
inhibition of the [
3
H]-taurine release in U373 MG cells (Fig. 3.15). The reason for the 
differences remains to be explored. 
6.1.4 Comparision between the Hyposmolarity-induced Taurine 
Release and the Na+-independent Uptake for Taurine 
Similar to the release of preloaded [
3
H]-taurine, the Na+-independent uptake of 
taurine in U373 MG cells was also stimulated by hyposmotic medium (Fig. 3.19). An 
interconnexion between these two systems has been observed in flounder erythrocytes 
(Fugelli and Reiersen, 1978; Fugelli and Thoroed, 1986; Fincham et al., 1987; 
Wolowyk et al., 1989). The hyposmolarity-induced release of taurine in U373 MG 
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cells was found to be sensitive to MK 196 and furosemide. Although the 
pharmacological properties of the Na+-independent uptake for taurine in U373 MG 
cells have not yet been characterized, the Na+-independent uptake of taurine in 
flounder erythrocytes has been reported to be inhibited by MK 196 and furosemide 
(Wolowyk et al., 1989). Thus the possibility that these two systems are coupled in 
U373 MG cells should be explored in the future. 
6.1.5 Transduction Mechanisms of Hyposmolarity-induced [3H]-
taurine Release 
100 nM staurosporine was found to be able to inhibit the hyposmolarity-induced 
[
3
H]-taurine release (Table 3.5). At this concentration, staurosporin can completely 
inhibit the protein kinase C of U373 MG cells (Lee, Tung and Young, unpublished 
observation). Interestingly, the diacylglycerol in erythrocytes of little skate {Raja 
erinacea) has been reported to increased after hypotonicity stimulation (Mush and 
Goldstein, 1990). The role of PKC in hyposmolarity-induced [
3
H]-taurine release is 
worthwhile studying in the future. 
6.2 Urea-Induced Release of [
3
H]-taurine 
As shown in Fig. 4.1，incubation of U373 MG cells in medium with NaCl 





H]-taurine efflux in U373 MG cells was similar to the hyposmolarity-
induced efflux in magnitude and sensitivity to MK 196 and SITS. Thus, it seems 
reasonable to conclude that the mechanism underlying the urea-stimulated release of 
preloaded [^H]-taurine is similar to that induced by hyposmotic medium. 
Although volume determination of U373 MG cells in urea-containing medium 
has not been performed, urea is expected to penetrate the cell and bring about swelling 
as reported in flounder erythrocytes (Fugelli and Thoroed, 1986). These observations 
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thus provide additional support for the relationship between [
3
H]-taurine efflux, cell 
swelling and RVD. 
6-3 High Potassium-Induced [
3
H]-taurine Release 
6.3.1 Pharmacological Properties of High Potassium-induced [3H]-
taurine Release 
As shown in Fig. 5.1, high extracellular potassium concentration was found to 
evoke the release of preloaded [
3
H]-taurine in a concentration-dependent manner. The 
high potassium-induced efflux of [
3
H]-taurine is very similar to the hyposmolarity-
induced efflux pharmacologically: i) both processes were partially inhibited by 
furosemide but insensitive to bumetanide; ii) both were markedly depressed by 
inhibitors of the CI-/HCO3- exchangers, including SITS, DIDS and MK 473; iii) both 
were markedly inhibited by MK 196. These findings suggest that the release of [
3
H] -
taurine in hyposmotic and high K
+
 conditions may involve similar processes. 




Nevertheless, the enhancement of taurine efflux in high potassium medium by 
HC03_ 0 ¾ .
 5
.
2，Table 5.1) was not observed in hyposmolarity-induced [ 3H]-taurine 
release (Data not shown). Since the presence of bicarbonate has been reported to 
introduce an anion exchanger inhibitor-sensitive component and therefore increase the 
extent of the high potassium-induced swelling in astrocytes (Kimelberg et al. , 1989)， 
the stimulatory effect of bicarbonate on the high potassium induced [
3
H]-taurine release 
may be the consequence of increase in swelling. 
The pronounced chloride dependency in the high potassium-induced taurine 
release (Fig. 5.9, Fig. 5.10) was also not observed in the hyposmolarity-induced 
response. Since depletion of extracellular chloride has been reported to abolish the 
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swelling of astrocytes under high K + condition (Walz and Hinks, 1985)，the chloride 
dependency of high potassium induced [^HJ-taurine release may also be the secondary 
effect of different degree of swelling at different chloride levels. 
6.4 Mechanism of Swelling-Induced Taurine Release 
6.4.1 Involvement Stretched Activated Channel (SACs) in Swelling-
Induced Taurine Release 
In all of the three model systems studied, the efflux of taurine may be related to 
the swelling of the cells and the recently discovered stretched-activated channel 
(SACs). 
SACs were discovered using patch-clamp, single-channel analysis (reviewed in 
Sa6Hs, 1987, 1988 and Kullberg, 1987). SACs have been found in a wide variety of 
cell membranes including that of rat astrocytes (Ding et al., 1988a, 1988b). They are 
generally activated in either cell-attached or excised membrane patches when negative 
or positive pressure are applied through the patch pipette. SACs have also been 
reported to be activated in cell-attached patch when the cells were swollen in 
hyposmotic medium (Christensen, 1987; Sachs, 1988; Falke and Misler, 1989). The 
SACs discovered so far in animal cells are generally permeant to monovalent cations 
such as K + and divalent cations such as C a
2
+ (Guhary and Sachs, 1984; Kullberg, 
1987; Lansman et al., 1987; Sachs 1987，1988). 
It is possible that swelling in astrocytes activates the SACs and allows the influx 
of K + and / or C a
2
+ which in turn initiates a series of cellular responses which may 
include taurine efflux. However, the hyposmolarity-induced [
3
H]-taurine efflux has 
been shown to be independent of extracellular C a
2 +
 in U373 MG cells (Fig. 3.16) as 
well as in primary astrocytes (Pasantes-Morales et al., 1990). The efflux is also not 
sensitive to calmodulin inhibitors, pimozide and trifluoperazine, in primary astrocytes 
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(Pasantes-Morales et al., 1990). These observations argue against the involvement of 
SACs for Ca
2 十 in the swelling-induced taurine release. 
Apother difficulty of this proposal is the lack of effect of cytoskeleton disrupting 
agents. It has been suggested (Sachs 1987, 1988) that the microfilament components of 
the cytoskeleton may mediate the activation of SACs by channelling the tension from a 
large cell membrane surface to the SACs molecules. Therefore, if swelling-induced 
taurine release involves the SACs, the process should be affected by a drug that disrupt 
the cytoskeleton, cytochalasin B. However, the efflux of taurine in primary astrocytes 
has been shown to be insensitive to cytochalasin B (Kimelberg et al., 1990; Pasantes-
Morales et al., 1990). 
The present study, however, does not rule out the possibility that swelling-
induced taurine release is mediated by some kind of stretch-sensitive molecules. For 
example, as suggested by some workers (Kimelberg et al., 1990)，swelling may stretch 
the cell membrane and directly activate channels which are permeant to large cations, 
such as taurine. 
6.4.2 Involvement of the CI-/HCO3- Anion Exchanger in Swelling-
Induced Taurine Release 
In the present study, swelling-induced taurine release from U373 MG was 
invariably depressed by drugs which inhibit the CI-/HCO3- anion exchanger. Thus, it 
is natural to suspect an involvement of the CI-/HCO3- anion exchanger in this process. 
Possibility of an activation of the CI-/HCO3- exchanger in hyposmotic or high K + 
media is discussed below. 
Precise knowledge about the mechanism responsible for RVD in astrocytes is 
still missing. Work by Kimelberg and Goderie (1988) and Kimelberg and O'Connor 
(1988) indicates a possible opening of K + and Or channels when cells are swelled 
osmotically, which would lead to a passive KCI outflux and water loss. As discussed 
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by Cala (1990), in cells with relatively low【€% the net K + and water loss is limited 
by the CI" content. However, if the cell is capable of C17HC0 3 - exchange, the anion 
exchange pathway will serve as a mechanism for recycling CI", thereby maintaining a 
sufficiently high [Cl]i to support net transport of K + (Fig. 6.1). 
High potassium-induced swelling of astrocytes has been suggested to be 
consisted of two phases. The first phase occurs between 3 and 20 mM which involves 
uptake of KCI via the (NaCl + KCI) cotransporter and the second phase, which occurs 
between 30 and 100 mM, is due to passive KCI movement influx caused by Donnan 
force (Walz, 1989). In the presence of HCO3-, an anion-exchanger-dependent 
component of high potassium-induced swelling can be detected (Kimelberg et al., 1979; 
Kimelberg and Bourke, 1982; Bourke et al., 1983; Kimelberg et al., 1989). This 
mechanism involves a parallel activation of both N a + / H + and C17HC0 3 - exchanger. 
Fig. 6.2 shows a schematic representation of the model (Kimelberg et al., 1989). 
6.4.3 Possibility of Taurine as a Substrate of the CI-/HCO3- Anion 
Exchanger 
Two analogues of taurine, N-(4-isothiocyano-2-nitrophenyl)-2-
aminoethanesulfonate (NIP-taurine) and N-(4-azido-2-nitrophenyl)-2-
aminoethanesulfonate (NAP-taurine) have been used as photoaffinity probes to label the 
CI-/HCO3- anion exchanger system for long (Staros et al., 1975; Knauf et al., 1978a, 
1978b; Knauf, 1987). They have been reported to compete with chloride for the 
substrate binding site to the anion exchanger system (Knauf et al., 1978a, 1978b). 
Nevertheless, it is still unclear whether taurine behaves like its analogue and competes 
with chloride for the substrate site of the anion exchanger or not. 
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Fig. 6.1: Possible involvement of the CI-/HCO3- anion exchanger in the RVD of 
astrocytes. The loss of CI" in the RVD is replenished by uptake of Cl_ by the Cl" 
/HCO3-肌 1 0 1 1 exchanger so as to maintain a sufficiently high [Cl"]i to support K + 
efflux. 
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Fig. 6.2: The anion-exchanger-inhibitor-sensitive component of high K+-induced 
astrocytic swelling. Astrocyte swelling occurs by simultaneous operation of CI" 
/HCO3-拙^ 1 N a + / H + exchange transport with H + and HCO3- cycling from the 
intra- to extracellular spaces via membrane-permeant CO2 (Kimelberg et al., 
1989). “ — 
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6.4,4 Conclusion 
In summary, swelling of U373 MG cells consistently induced [3H]-taurine 
release in all of the three model systems investigated, in the present study, supporting 
the presence of a volume-sensitive taurine efflux pathway. This pathway of taurine 
efflux was sensitive to inhibitors of the C1"HC0 3 _ exchanger, including SITS, DIDS 
and MK 473. Since, as discussed in section 6.4.1，the C1_/HC03_ anion exchanger 
may be activated in hyposmotic and high K + medium, it is possible that the swelling-
induced-release of [
3
H]-taurine is somehow coupled with it. 
Thus，it will be worthwhile to study whether taurine behaves like its analogue 
and competes with chloride for the substrate site of the anion exchanger and whether 
the swelling-induced taurine efflux is effected through an activation of the C17HC0 3 -
anion exchanger. 
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Conclusion 
Chapter 7: Conclusion 
玛 the present study, the effect of hyposmolarity, urea and high potassium 
medium on the release of preloaded [
3
H]-taurine in an astrocytoma cell line U373 MG 
was studied. 
Decreasing the osmolarity of the medium by reducing NaCl concentration lead 
to a massive release of preloaded [3H]-taurine. The release was not due to low N a + or 
CI- concentration. Neither was the release caused by cell lysis. It seems that the 
reduction of osmolarity is the key factor in stimulating the release of [
3
H]-taurine. 
Enhancement of Na+-independent uptake of [^HJ-taurine in U373 MG was also 
observed in hyposmotic medium, suggesting that, as reported in flounder erythrocytes, 
—-一：彳 ” •• 
the hyposmolarity-induced efflux and the Na+-independent uptake of [
3
H]-taurine are 
coupled system in U373 MG cells. 
Hyposmolarity-induced [
3
H]-taurine release was decreased by furosemide but 
not bumetanide, indicating that the inhibition of furosemide is not mediate through a 
blockage of the (NaCl + KCI) cotransport. On the other hand, hyposmolarity-induced 
[
3
H]-taurine release was decreased by inhibitors of the CI-/HCO3- anion exchanger, 
including SITS, DIDS, MK473. Although SITS and DIDS have also been reported to 
block the chloride channel in erythrocytes, this is unlikely to be the mechanism of their 
inhibition since another chloride channel inhibitor, antracene-9-carboxylate was found 
to have no effect on the hyposmolarity-induced [
3
H]-taurine release. Furosemide has 
also been reported to inhibit the CI-/HCO3- anion exchanger, thus is possible that its 
inhibition on the [
3
H]-taurine release was due to its action on this exchanger. In 
addition, MK 196，was also found to pronouncedly inhibit the hyposmolarity-induced 
[
3
H]-taurine release, suggesting that the drug may also an inhibitor of the CIVHCO3-




H]-taurine release was minimally inhibited when the 
chloride in the medium was replaced by gluconate. No inhibition was observed when 
chlorides in the medium were replaced by nitrates or when the sodium chloride was 
replaced by sucrose. The release was also not dependent on extracellular calcium. On 
the other hand, 100 nM staurosporine could partially inhibit the [3H]-taurine release. 





H]-taurine release was, similar to 
hyposmolarity-induced [3H]-taurine release, inhibited by MK 196 and the anion 
exchanger, SITS. 
Increased the K + concentration in the medium, by equi-molarly replacing NaCI 
with KCI, was also found to increase efflux of preloaded [
3
H]-taurine. The ’ 
〜 .一：彳 •. 
pharmacological properties of high potassium induced [
3
H]-taurine efflux was similar 
to that of hyposmolarity-induced [^HJ-taurine release. It was inhibited by furosemide 
but not bumetanide. The release was decreased by SITS, MK 473 and MK 196. 
Antracene-9-carboxylate was also found to have no effect on the [
3
H]-taurine release. 
However, unlike hyposmolarity-induced [
3
H]-taurine release, high K+-induced [
3
H]_ 
taurine release was dependent on extracellular CI" and enhanced by extracellular 
HCO3-. 
Hyposmolarity, high urea and high K + medium are all known to induce 
swelling of astrocytes. Thus, the finding of present study suggest the presence of a 
volume sensitive efflux pathway of taurine on U373 MG cells, which is sensitive to the 
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